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FOREWORD 


The  author,  by  his  own  confession,  states  that  he  is  a  per- 
fect example  of  a  pure  scientist  gone  wrong.  Starting  a  long 
time  ago.  as  a  mathematician  and  logician,  he  has  progressed 
through  physics  to  chemistry  and  the  teaching  of  thermo- 
dynamics. Then,  he  organized,  for  the  U.  S.  Navy,  the  Di- 
visions of  Chemistry  and  of  Thermodynamics  at  the  Naval 
Research  Laboratory.  Here  he  devoted  himself  to  the  inven- 
tion of  many  useful  devices.  Later,  he  went  into  consulting 
practice,  mostly  in  the  fields  of  air  conditioning  and  refrig- 
eration. He  always  took  great  pains  to  go  with  companies 
where  the  management  knew  less  about  chemistry  than  he 
did  and  so  was  moderately  successful  in  inventing  in  part 
the  Faraday  system  of  refrigeration,  the  Kathabar  (Lithium 
Chloride)  system  of  air  drying,  the  B  and  R  system  of  air 
conditioning  and  many  gadgets  of  lesser  importance.  He 
was  also  connected  with  the  early  work  on  Freon.  Next,  he 
was  sales  manager,  chief  engineer  and  pretty  nearly  every- 
thing else  in  a  small  air  conditioning  business  founded  on  his 
own  inventions.  He  has  organized  and  been  in  charge  of  three 
research  laboratories  and  is  acquainted  with  more  others 
than  he  likes  to  admit.  His  hobby,  I  hope  you  have  guessed, 
is  writing.  Two  published  books :  One  with  Dr.  Rossini  on 
Thermochemistry,  and  one  entitled  "Is  the  Navy  Ready?" 
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He  was  also  one  of  tlic  editors  of  tin-  International  ("ritical 
Tables,    lie  has  a  eoiij)le  of  unllnished  no\els  for  which  some 
ilay  he  ho|)es  to  find  a  jmhlisher.    A  rollitiij;  stone  ij^athers  no 
moss,  hut  it  sure  gets  experience. 
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PREFACE 


There  are  no  new  lands  for  America  to  exploit.  It  is  prob- 
able that  there  are  but  few  new  mines  and  oil  deposits  yet 
to  discover.  There  is  left  but  one  possible  source  of  new 
wealth  to  replace  the  wealth  lost  in  war.  This  source  of 
wealth  is  the  disco\ery  of  new  products  to  manufacture  and 
sell.  It  is  on  this  source  of  wealth  that  we  must  now  and  in 
the  future  depend  for  the  means  to  maintain  and  raise  our 
standard  of  living. 

It  is  from  the  research  laboratory  that  this  new  wealth 
must  arise,  as  has  originated  in  the  past,  the  new  wealth 
represented  by  the  aut6mo1)ile  industry,  the  radio  industry 
and  the  industries  founded  on  the  movies,  the  electric  lamp, 
the  aeroplane,  plastics,  rayon.  Nylon,  Kodak  and  hundreds 
of  other  new  products.  This  wealth  has  never  been  fairly 
estimated  ]:)ut  it  probably  represents  well  over  two  hundred 
l)illion  dollars. 

Industrial  research  is  thus  a  matter  of  extreme  social  and 
national  importance.  Even  the  most  hard  headed  business 
and  banking  executives  are  beginning  to  see  this. 

Beginning  less  than  fifty  years  ago  with  nothing,  there 
are  now  over  two  thousand  industrial  laboratories  spending 
over  a  quarter  billion  dollars  a  year.  Research  has  become 
a  sizable  industry  all  by  itself. 

Most  of  these  laboratories  have  developed  within  the  or- 
ganization by  a  sort  of  internal  concretion  like  pearls, — or 
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boils, — caused  by  some  accidental  irritant.  GrowiniL^  as  they 
have,  without  reference  to  the  experience  of  others,  some  of 
the  laboratories  have  proven  to  be  pearls  of  great  price  in- 
deed, some  just  a  "pain  in  the  neck."  This  is  inevitable,  in 
the  first  stages  of  development  of  a  new  business  tool.  Mass 
production  first  went  through  this  phase,  as  many  of  us 
remember. 

But  now  a  stage  has  begun  in  which  it  is  being  understood 
that  research  sometimes  pays  and  sometimes  doesn't,  and  that 
there  are  more  or  less  general  rules  of  management  and  or- 
ganization which  make  the  difference  between  a  pearl  and 
an  irritant. 

The  purpose  of  this  book  is  to  display  the  social  importance 
of  research  and  to  outline  those  general  principles  of  man- 
agement and  organization  which  have  proven  successful  in 
the  laboratory. 

This  book,  therefore,  may  be  considered  as  a  manual  for 
the  research  director  and  for  the  business  executive,  real  or 
potential.  But  it  is  more  than  that,  as  it  presents  in  a  con- 
crete form  what  may  be  thought  of  as  a  philosophy  or  theory 
of  research  in  its  social  aspects. 

It  is  based  on  considerable  personal  experience  in  labora- 
tory management,  but  chiefly  on  the  accumulated  experience 
of  laboratory  executives  all  over  the  country  who  must  be 
nameless,  as  I  have  wanted  the  freedom  to  say  things  about 
their  laboratories  for  which  they  should  not  be  held  responsi- 
ble.  To  these  men  I  give  my  thanks. 

F.  R.  BicHOwsKV 
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Chapter  I 
RESEARCH   THE   DESTROYER 


The  real  importance  of  industrial  research  in  national  life 
is  constructive,  not  destructive.  It  is  a  mine  from  which  new 
sources  of  national  wealth  are  constantly  being  uncovered. 
It  is  on  these  new  sources  of  wealth  that  the  economic  future 
of  democracy  must  rest,  not  on  conquest  or  enslavement. 

As  such,  industrial  research  is  worthy  of  serious  study  by 
all  economists,  and  for  that  matter  by  all  who  are  interested 
in  the  future  of  the  state.  More  and  more,  in  the  future. 
we  must  depend  on  new  sources  of  wealth  discovered  by  re- 
search to  supply  the  means  of  maintaining  and  increasing 
our  standard  of  living — indeed  our  entire  social  life. 

But,  to  understand  in  any  detailed  sense  what  industrial 
research  is,  it  is  convenient  to  begin  by  studying  the  destruc- 
tive power  of  research,  just  as  it  is  prudent  to  understand 
the  destructive  power  of  dynamite  before  attempting  to  use 
it  for  constructive  purposes. 

The  destructive  power  of  research  is  very  real.  There  is 
no  menace  which  can  be  as  deadly  to  an  established  business 
as  industrial  research.  No  war.  no  panic,  no  bank  failure, 
no  strike  or  fire  can  so  completely  and  irrevocably  destroy  a 
business  as  a  new  and  better  product  in  the  hands  of  a  com- 
petitor 

The  history  of  modern  business  is  packed  with  instances 
where  a  well-established,  well-managed  conservative  business 
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has  pone  into  hankru])tcy  or  disastrous  reorganization  be- 
cause a  competitor  has  entered  the  market  with  a  new  prod- 
uct. 

In  1850  there  were  over  twenty-five  hundred  miles  of 
canals  completed  or  under  construction  in  the  United  States. 
Nearly  a  thousand  additional  miles  were  projected.  Four 
different  canal  systems  were  built  or  building  to  cross  the 
Alleghenies.  These  were  the  James  River  system,  the  Chesa- 
peake and  Ohio  system  by  way  of  the  Potomac,  the  Pennsyl- 
vania system  by  way  of  the  Juniata,  and  the  Erie  canal. 

Four  different  systems  of  canals  were  to  connect  the 
Great  Lakes  with  the  Ohio  and  Mississippi.  Canals  were 
to  connect  Boston  and  Albany,  Pittsburgh  and  Rochester, 
Syracuse  and  Harrisburg,  the  Hudson  River  and  the  Dela- 
ware, the  Delaware  and  the  Susquehanna,  New  York  and 
Charleston,  S.  C. 

Over  a  hundred  and  fifty  million  dollars  had  already  been 
invested  in  this  business.  In  terms  of  national  wealth,  this 
represented  a  proportionate  investment  equal  to  an  expendi- 
ture of  seven  billion  dollars  at  the  present  time.  Most  of  this 
money  was  put  up  by  the  states, — their  first  essay  in  business 
(unfortunately  not  their  last),  but  some  was  invested  by 
private  corporations.  State  and  private  canal  bonds  were 
eagerly  bought  by  the  banks  and  by  the  investing  public. 
Why  not?  The  canal  was  the  cheapest  and  quickest  mode  of 
transportation  of  heavy  goods.  Nature  had  protected  the  in- 
vestment as  there  were  only  a  few  possible  routes  and  com- 
petition would  therefore  be  almost  impossible. 

The  advantages  of  canal  transportation  were  great.  A 
farmer  could  cut  trees  from  his  wood  lot,  build  a  crude  fiat- 
bottomed  barge,  load  on  his  household  goods,  attach  a  team 
of  horses  and  move  himself,  family,  household  goods,  stock, 
food  and  fodder  to  any  point  in  the  great  midwest  at  a  cost 
which  was  fantastically  low. 
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Even  though  now  nearly  forgotten,  these  canals  had  a 
great  social  significance.  Tens  of  thousands  of  people  trav- 
elled to  the  west  this  way.  It  was  by  this  mode  of  transporta- 
tion that  Indiana  and  Illinois  were  mainly  settled.  Towns, 
cities  and  factories  sprang  up  along  the  canals  to  take  care 
of  this  travel.  Rochester,  Syracuse,  Akron,  Dayton,  and 
Ft.  Wayne  owe  their  original  growth  to  the  canal. 

Of  course  there  was  being  tried  out  another  newfangled, 
dangerous,  expensive,  uncomfortable,  noisy,  smelly,  dirty 
method  of  transportation  by  some  fools  down  Baltimore 
way,  but  any  one  (in  1850)  could  see  that  the  steam  railroad 
was  just  a  fad  and  never  could  compete  with  the  canal. 

Under  the  glass  top  of  the  desk  of  every  executive  and 
chief  engineer  should  be  a  copy  of  the  carefully  documented 
arguments  by  which  the  State  Engineer  of  New  York  con- 
clusively proved  that  the  railroad  could  never  compete  with 
the  canal.  The  following  passage  from  McMaster's  "History 
of  the  People  of  the  United  States"  gives  the  same  argu- 
ment in  more  popular  language  : 

"Canals  .  .  .  are  facts;  railroads  are  theories,  and  are 
opposed  to  the  habits  and  feelings  of  our  people,  for 
they  create  monopolies  in  transportation.  A  farmer  can- 
not own  railroad  wagons.  But  for  a  few  hundred  dollars 
he  can  buy  a  boat,  or  with  the  help  of  his  hands  can 
build  one  to  carry  twenty-five  tons.  To  move  such  a  load 
by  railroad  would  require  eight  carriages  and  a  locomo- 
tive costing  $4,000.  Into  his  boat  the  farmer  can  put 
an  assorted  cargo  of  Hour,  bacon,  hemp,  plank,  lumber 
and  vegetables,  draw  it  to  market  with  his  own  horses, 
sell  it  at  any  village  on  the  way  and  bring  it  back  loaded 
with  what  he  pleases.  Does  anybody  suppose  railroads 
will  take  on  loads  offered  anywhere  along  the  line  ?  No, 
indeed !    The  farmer  must  haul  them  to  the  stopping 
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places.  Canals  will  carry  livestock,  hay,  firewood,  lar^e 
timbers  for  ships,  huildinj^  hoards  and  planks.  Railroads 
cannot  do  this.  What  wonld  he  thoui^ht  of  a  lo.'id  of  hay 
coming  along  a  railroad?  'Jhe  sparks  from  the  looumo- 
tive  wcnild  set  it  on  lire  before  the  journey  began.  Canals 
are  adapted  for  military  purposes;  railroads  are  not. 
Imagine  a  regiment  of  trooj)s  with  baggage,  provisions, 
ammunition  and  camp  equii)age  transported  by  rail- 
roads! By  canal  this  can  be  done  and  the  soldiers  live 
and  cook  comfortably  on  the  way.  The  boats  will  carry 
tents,  foods,  baggage  and  ammunition  and  may  be  drawn 
by  the  horses  or  by  the  men  as  they  walk  alon^^  the  tow- 
paths.  Canal  boats  will  carry  artillery  which  cannot 
be  transported  by  rails  unless  the  guns  are  dismounted 
and  the  caissons  taken  apart.  Snow  will  make  a  three 
hundred  mile  railroad  impassable  for  weeks.  Rain  will 
wash  earth  over  the  rails  in  (|uantities  which  in  deep 
cuts  will  take  weeks  to  remove.  Railroads  for  long  dis- 
tances are  wholly  untried  in  any  country  and  for  short 
distances  are  yet  in  the  experimental  stage.  The  longest 
in  existence,  the  Manchester  and  Liverpool,  is  but  forty 
miles  in  length  and  passes  through  the  heart  of  a  popu- 
lous country  and  may  anywhere  get  aid  to  repair  cars, 
wagons  and  engines.  But  such  a  railroad  as  the  Balti- 
more and  Ohio  ten  times  as  long  running  through  a 
rough,  wild  and  sparsely  inhabited  country  with  great 
difficulties  of  construction  to  overcome  should  e\cr  com- 
pete with  a  canal  of  the  same  length  as  the  Chcsai)eake 
and  Ohio  surpasses  probability. 

If  steam  locomotives  were  used  it  would  be  necessary 
to  have  water-boiling  stations  every  six  or  seven  miles 
to  furnish  the  engines  with  tanks  of  boiling  water  for 
a  supply  of  cold  water  would  stoj)  the  generatidu  ot 
steam  and  stop  the  train. 
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Rails  wcnild  he  brc^ken  by  passing-  teamsters  wantonly 
as  they  did  milestones  and  copinj^  of  bridges,  or  from 
spite  towards  a  means  of  transportation  likely  to  injure 
their  business.  In  the  mountains  the  cold  of  the  winter 
is  often  so  se\ere  that  an  axe  will  break  when  struck 
against  a  tree.  Would  not  rails  snap  under  these  con- 
ditions as  a  train  passed  (ner  them?" 

How  often  has  every  promoter  of  a  new^  device  heard 
arguments  of  the  same  family ! 

Yet  in  spite  of  these  arguments  in  1860  the  canal  was  dy- 
ing and  by  1870  it  was  most  certainly  dead.  The  total  loss 
to  the  states  by  their  first  adventure  into  business  has  never 
been  fully  calculated,  but  it  was  over  a  (juarter  of  a  billion 
dollars,  and  in  1860-1870  that  was  a  huge  amount.  The 
indirect  loss  was  surely  much  greater  as  the  default  of  the 
canal  bonds  was  one  of  the  causes  of  the  panic  of  1856. 

So  in  1910  the  railroad  executives  who  never  learn  any- 
thing sat  back  and  said,  "Now  we  have  a  perfectly  safe  busi- 
ness. No  outside  competition  can  touch  us ;  all  we  have  to  do 
is  to  sell  more  bonds,  build  more  railroads,  collect  more 
profits.  There  can  be  no  competition  to  a  railroad  except 
another  railroad;  the  experience  of  the  canals  i)ro\ed  that, 
and  if  the  B.  and  ().  tries  to  get  some  of  our  business  away 
froiu  us  and  puts  on  another  train  to  New  ^'ork  at  5  :05 
P.  M.,  why,  all  we  have  to  do  is  to  put  on  a  competing  train 
to  New  York  at  5  :05  P.  M." 

Our  fictitious  railroad  executive  in  l^UO  had  every  reason 
to  feel  content  with  himself.  The  growth  of  the  American 
railroads  had  been  phenomenal  and  yet  extremelv  regular 
In  1860  there  were  30.000  miles  of  track,  in  18S0  there  were 
95,000;  in  1900  there  were  1^>3.000;  in  1^)10  there  were 
240.000.  His  statistician  had  calculated  that  by  l^HO  there 
would  be  292,000  miles  of  railroads. 
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In  1880  the  railroads  employed  about  500,000  persons; 
in  1900  about  1,000,000;  in  1910,  about  1,700,000.  Vou 
could  easily  calculate  that  in  1940  there  would  be  2,300.000 
employees. 

In  1910  the  market  value  of  the  stock  of  all  American 
railroads  was  8.3  billions  and  the  value  of  the  bonds  about 
12.0  billions.  His  statistician  could  calculate  that  by  1940 
the  bonded  indebtedness  would  be  about  14.7  billion  dollars 
and  the  value  of  the  stock  would  be  about  10.4  billions;  quite 
a  neat  profit,  not  to  mention  about  12.0  billion  dollars  in 
dividends. 

Now,  of  course,  in  1910  our  railroad  executive  was  aware 
that  some  "crackpot"  mechanics,  out  in  the  middle  west,  had 
invented  a  gadget  called  the  automobile.  Being  a  sporting 
fellow,  and  interested  in  all  things  mechanical,  our  railroad 
executive  owned  one  himself.  Occasionally  he  even  attempted 
to  drive  down  town  with  it  on  a  Sunday  afternoon  when  he 
had  lots  of  time,  that  is,  if  the  weather  was  favorable.  But 
to  imagine  that  these  monstrosities  would  ever  compete  with 
the  Pullman  car  was  as  absurd  as  that  fool  report  that  two 
bicycle  repair  men  out  in  Dayton  had  learned  how  to  i\y. 

Yet  in  1940  the  actual  railroad  mileage  was  238,000  a 
loss  of  15,000  miles  from  the  peak  and  a  loss  of  54.000  from 
estimate.  Employment  had  dropped  to  1,000.000, — less  than 
half  of  the  employment  at  the  peak.  The  market  value  of 
the  railroad  bonds  was  less  than  8  billions,  and  our  railroad 
executive,  if  he  had  saved  his  pennies  (and  lost  his  sanity), 
could  have  bought  on  the  open  market  the  complete  stock 
ownership  of  the  American  railroads  for  2.2  billions  of 
dollars. 

This  gigantic  loss  was  due  to  a  variety  of  causes,  but 
primarily  it  was  due  to  Mr.  Selden,  Mr.  Ford.  Mr.  Haynes 
and  a  host  of  other  imentors  who  contributed,  one  by  one, 
the  inventions  that  make  up  the  modern  autumubile.  There 
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must  be  charged  against  the  tool-shed  and  the  laboratory,  in 
which  the  automobile  was  born,  an  economic  loss  of  at  least 
10  billions  of  dollars  to  the  investor  in  railroad  securities,  a 
loss  of  employment  of  a  million  persons,  and  a  loss  in  income 
of  at  least  30  billions. 

This  is  an  example  of  real  technological  unemployment 
and  real  technological  capital  loss.  Most  technological  losses 
are  fictitious  as  improvements  of  efficiency  of  manufacturing 
by  use  of  "labor  saving"  devices  increases  employment.  But 
this  is  real,  for  the  loss  of  capital  by  the  obsolescence  of  a 
business  is  real  loss  of  capital  of  which  nothing  can  be  sal- 
vaged. The  loss  of  employment  is  not  quite  so  absolute,  as  in 
the  case  of  the  railroads.  The  men  thrown  out  of  employ- 
ment have  had  no  training  except  in  that  particular  kind  of 
business  the  readjustment  is  always  difficult  and  in  some  cases 
impossible. 

This  technological  loss  is  directly  chargeable  to  the  research 
laboratory,  or,  more  fairly,  to  the  management  which  failed 
to  insure  against  this  loss. 

The  railroad  and  canal  industries  are  not  isolated  cases. 
There  is  hardly  an  industry  which  does  not  afford  illustra- 
tions of  the  destructive  power  of  research.  The  cotton  in- 
dustry, for  example,  where  synthetic  fibres  (Rayon,  Nylon, 
etc.)  are  to  a  large  extent  chargeable  with  the  economic  loss 
represented  by  falling  cotton  prices.  One  can  go  on  and  on, 
but  to  do  so  would  be  to  emphasize  unduly  the  red  side  of 
the  ledger  of  research. 

To  understand  the  black  side  of  the  account  consider  the 
illumination  industry.  In  1750  the  perfect  illuminant  had 
been  found.  This  was  the  blubber  and  head  oil  of  the  spema- 
ceti  whale.  From  this  was  made  the  whale  oil  used  in  lamps 
and  the  spermaceti  used  in  candles.  Under  the  impetus  of 
this  market,  whaling  became  one  of  the  great  industries.  In 
the  United  States  cities  like  New  Bedford,  Edgartown,  Nan- 
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tucket,  Sak'iii  and  dlouccstcr  j^rcw  in  wealth  and  jxiwer. 
Moby  Dick  is  an  adventure  story;  it  is  also  the  .-tory  of  an 
industry  now  almost  forj^otten  in  America. 

The  reason  why  this  inchistry  has  heen  for<^otten  is  partly 
because  the  unrestricted  whaling  j^reatly  reduced  the  supi)ly 
of  whales,  but  far  more  because  in  1815  a  b'renchman  by  the 
name  of  ("hevreul  ha[)pened  to  boil  soaj)  fat  witli  lime  r.ather 
than  with  lye. and  thus  produced  a  mixture  (useless  for  soap) 
of  i^lycerine  and  an  oily  layer  which  later  hardened.  He 
called  this  oily  layer,  which  we  now  know  was  a  mixture  of 
fatty  acids,  "Stearine".  (IradualK'  stearine  candles  which 
do  not  soften  in  hot  weather  replaced  spermaceti  candles,  as 
the  latter  had  replaced  the  wax  and  tallow  candles  of  an 
earlier  generation. 

Then  once  more  a  new  business  cycle  began.  In  1859 
Drake  brought  in  the  lirst  oil  well.  The  thick.  hea\y.  >nK'lly 
oil  thus  produced  had  at  first  little  use  and  was  sold  under  the 
name  of  rock  oil  or  petroleum  to  rub  on  bruises.  bOr  a  while 
Drake  wondered  where  he  could  sell  the  thousand^  of  barrels 
of  oil  that  his  well  produced.  Then,  (lri\en,  as  is  so  often  the 
case,  by  the  necessity  of  increasing  the  market  of  a  product 
already  under  production,  he  sent  some  oil  to  the  S.  M.  Kier 
Refinery  of  New  Jersey,  which  manufactured  shale  oil,  with 
a  request  to  distil  some  f)f  the  oil.  Drake  j)rol)abl\-  bad  hopes 
that  he  would  sweeten  the  odor  of  the  oil,  remove  some  im- 
purities, and  ])ossibly  imi)rove  its  (|uality  as  a  grease. 

On  distilling  the  oil  in  the  crude  pot  stills  that  remained 
in  the  industry  for  fifty  years,  it  was  found  that  the  oil  did 
produce  a  good  lubricant.  There  were  also  large  ([uantities 
of  two  lighter  fractions;  one  was  so  \olatile  that  it  could  not 
be  safely  shii)ped.  The  only  thing  they  could  think  of  to  do 
v'ith  it  was  to  burn  it  as  a  snl)stitute  for  gas  under  the  still. 
For  this  reason  they  called  it  gasolene,  hoping  indeed  that 
it  might  have  some  use  elsewhere  as  a  substitute  for  gas. 
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There  was  also  a  lij^ht  non-volatile  fraction  which  smelled 
badly  but  which  would  burn  in  the  wax  oil  lamps  of  that  day. 
They  called  it  "kerosene"  meaning  "wax-like",  hoping  that 
the  name  would  fool  the  customer,  who  was  accustomed  to 
think  of  wax  oil  as  the  ideal  illuminant. 

With  the  discovery  of  kerosene,  the  wax  oil  industry  was 
destroyed,  and  on  its  ruins  was  erected  the  Standard  Oil 
Company,  the  jjrototype  of  the  petroleum  industry  of  the 
present  day. 

Memories  are  so  short  that  people  are  inclined  to  think 
of  the  oil  industry  as  connected  with  the  automobile  in  some 
way,  but  actually  it  was  founded  to  produce,  "oil  for  the  lamps 
of  China".  As  far  as  the  oil  industry  was  concerned,  the 
discovery  of  the- automobile  was  simply  a  fortunate  accident 
which  sa\ed  the  life  of  the  industry  at  a  time  when  it  too 
was  threatened  with  extinction. 

In  1875,  just  when  things  were  doing  best  in  the  petroleum 
industry,  a  hare-brained  inventor  with  no  business  sense  at 
all  was  blundering  his  way  along  with  the  purpose  of  making 
an  arc  light,  small  and  simple  enough  so  that  it  could  be  used 
in  the  house.  He  was  never  one  to  profit  by  the  experience 
of  others,  so  that  he  repeated,  one  after  the  other,  almost 
all  of  the  errors  which  other  inventors  had  made  before  him. 
Finally,  having  tried  everything  in  vain,  he  convinced  him- 
self, the  hard  way,  that  the  only  way  was  to  make  a  filament 
fine  enough  so  that  it  would  glow  when  a  current  passed 
through.  But  even  in  a  vacuum  all  the  filaments  that  he  tried, 
burned  out  in  a  few  minutes.  Others  had  gotten  this  far, 
but  at  this  point  they  had  stopped — discouraged.  He  plodded 
on.  trying  everything  he  could  think  of.  no  matter  how 
foolish.  This  is  a  method  of  discovery  which  modern  scien- 
tific investigators  look  down  upon  and  are  prone  to  call,  in 
derision,  "the  Kdisonian  method".  Init  sometimes  it  works. 

After  thousands  of  experiments  he  happened  to  use.  in  his 
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vaciuiiii  hull),  a  fiber  of  carbonized  banil)00.  Thus  was  born 
the  incandescent  electric  lamp,  and  thus  was  destroyed  the 
kerosene  industry  of  the  United  States.  Indeed  it  would  have 
been  hard  to  keep  the  whole  jjetroleum  industry  alive  except 
that  with  the  automobile  was  found  a  new  use  for  the 
despised  waste  product  gasolene. 

As  has  been  said,  Edison  was  no  business  man,  and  so  in 
the  course  of  time  he  lost  control  of  the  production  of  lamps 
and  of  the  machinery  to  light  them ;  and  a  group  of  Lynn 
shoemen,  seeing  a  speculative  opportunity,  picked  up  the 
fragments  of  the  industrial  group  wliich  Edison  had  founded, 
combined  them  with  a  small  manufacturing  company  of  their 
own,  and  thus  created  the  General  Electric  Company. 

Once  more  the  cycle  turned.  This  time  something  new 
happened.  By  1899  Edison's  original  patents  had  expired, 
and  Dr.  E.  \V.  Rice,  the  chief  engineer  of  the  company,  urged 
by  the  patent  attorney  Albert  G.  Davis  and  abetted  by  that 
emigrant  hunchback  Charles  Proteus  Steinmetz,  took  the 
unprecedented  step  of  hiring  half-time  a  young  University 
professor,  Willis  R.  Whitney,  to  head  an  experimental  lab- 
oratory. Presumably  the  idea  was  to  do  something  to  retain 
the  lamp  business,  which  was  threatened  by  competition  now 
that  the  Edison  patents  were  expiring. 

There  had  always  been  certain  difficulties  with  the  carbon 
filament  lamp.  After  a  time  it  blackened  and  burned  out,  due 
to  the  distillation  of  carbon  from  the  hot  filament.  Then, 
too,  the  carbon  lamp  was  a  hog  for  current.  Only  about  three 
tenths  of  a  percent  of  the  current  paid  for  was  converted 
into  light.  There  were  two  things  which  obviously  might 
be  tried :  one  was  to  treat  the  filament  so  that  it  would  be 
more  efficient ;  the  other  was  to  find  some  substance  better 
than  carbon  from  which  to  make  the  filament.  Whitney 
thought  that  it  would  be  more  practfcal  to  treat  the  filament, 
so  he  tackled  that  first,  and  in  due  time  discovered  a  method 
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of  treatment  of  carbon  filaments  which  greatly  prolonged 
their  life,  and  increased  their  efficiency.  The  lamp  thus  pro- 
duced was  known  as  the  Gem  lamp. 

The  second  task  was  more  of  a  gamble,  so  it  was  put  off 
for  a  time.  The  substance  from  which  the  proposed  filament 
must  be  made  had  to  be  a  metal  to  conduct  the  current,  and 
had  to  have  a  high  melting  point  to  stand  the  high  tempera- 
tures of  the  lamp. 

A  moment's  reference  to  a  textbook  would  show  that  there 
were  only  three  substances  that  could  possibly  be  used : 
osmium,  tantalum  and  tungsten,  and  of  these  osmium  and 
tantalum  had  already  been  patented  by  a  competing  interest. 
Besides,  tungsten  would  be  better  than  tantalum,  if  only  it 
could  be  made  in  the  form  of  a  wire. 

Dr.  Whitney  has  said  in  a  public  address  that  he  is  just 
a  plodder,  not  in  the  least  a  genius,  and,  in  a  sense,  that  is 
true.  It  is  certain  that  any  one  of  a  thousand  American 
chemists  placed  in  Dr.  W'hitney's  position  would  ha\e  hit 
on  the  use  of  tungsten.  In  fact  others  did,  but  it  took  plod- 
ding and  something  else  to  keep  at  it  when  it  was  found,  after 
hundreds  of  trials,  that  tungsten  was  too  brittle  to  use  and 
could  not  be  drawn  into  a  wire. 

The  man  who  actually  discovered  the  steps  of  making 
tungsten  ductile  was  Whitney's  assistant.  Dr.  William  D. 
Coolidge,  another  college  professor  with  no  practical  back- 
ground. 

With  the  discovery  of  the  tungsten  lamp  another  cycle  of 
progress  was  completed.  The  carbon  lamp  gradually  passed 
out  of  production  and  the  tungsten  lamp  took  its  place,  as 
whale  oil  had  taken  the  place  of  tallow,  as  stearine  had  taken 
the  place  of  whale  oil,  as  kerosene  had  taken  the  place  of 
stearine.  and  as  the  carbon  lamp  had  taken  the  place  of  the 
kerosene  lamp.  To  you  this  meant  that  your  light  bill  was 
less  than  a  tenth  of  what  it  was  before.    But  note  the  vital 
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difference:  no  men  were  put  out  of  work,  no  factories  were 
closed  down;  tlicre  was  no  loss  due  to  the  failure  to  meet 
bond  payments,  and  there  was  no  loss  due  to  decrease  in 
value  of  stock.  Instead  there  was  a  great  speculative  increase 
in  the  value  of  the  stock  of  the  (ieneral  I^lectric  Company 
representing  wealth  gains  of  al)out  half  a  billion  dollars,  not 
counting  the  very  considerable  absorption  of  capital  in  plant 
enlargment. 

Note  one  thing  further:  during  this  early  transfer  period, 
while  the  carbon  lamp  was  decreasing  in  sale  and  the  tungsten 
lamp  was  beginning  to  be  sold  in  large  quantities,  there  was 
an  actual  loss  to  the  company  in  the  lamp  department.  This 
is  apt  to  be  the  case  with  every  new  product  during  the  period 
of  development.  Because  with  any  new  product  costs  are  high 
at  first,  overheads  are  disproportionate,  sales  are  low,  sales 
costs  and  promotional  expenses  are  high,  and  losses  due  to 
rapid  changes  in  process,  apparatus  and  specifications  are 
heavy. 

This  period  of  adjustment  is  long  since  over,  and  the 
manufacture  of  tungsten  lamps  has  become  a  large  and  very 
profitable  industry,  much  bigger  than  the  carbon  lamp  busi- 
ness ever  was,  though  there  are  signs  in  the  offing  that  it 
too  may  be  nearing  the  end  of  its  cycle. 

I  don't  know  to  what  account  was  charged  the  $2400  which 
was  Dr.  Whitney's  first  year's  salary,  but  I  am  willing  to 
bet  that  it  was  not  charged  to  the  correct  account,  that  of 
insurance.  For,  in  the  first  instance,  that  is  what  research 
is  to  an  industry :  insurance  agamst  capital  loss,  which  in  this 
case  might  well  have  amounted  to  a  quarter  of  a  billion 
dollars.  Indeed,  it  is  a  loss  which  might  have  led  to  bank- 
ruptcy, for  my  understanding  is  that  it  was  the  lamp  busi- 
ness which,  more  than  any  other,  kept  the  company  alive 
during  the  "depression"  period  from  1^30  to  1933. 

Of  course  this  was  not  the  onlv  \ii\uc  of  that  first  tinv 


Industrial  Research  13 

filament  of  tun<^sten  which  Dr.  Coohdj,^e  held  in  his  hand  in 
the  fall  of  1908.  The  tiing-sten  filament  did  not  merely  pro- 
tect the  com])any's  investment  in  facilities  for  manufactur- 
ing carbon  lamps.  This  little  piece  of  fine  wire  was  worth  far 
more  than  all  the  carbon  lamps  which  it  displaced,  for  just 
as  the  railroad  was  a  bigger  business  than  the  canal,  and 
the  automobile  is  becoming  a  greater  business  than  the  rail- 
road, so  the  business  created  by  the  new  and  better  lamp 
-was  much  greater  than  that  which  it  superseded.  This  is  a 
law  of  research :  every  new  product  produces  wealth  greater 
than  it  destroys,  for  the  human  need  or  desire  which  made 
it  possible  for  the  new  to  displace  the  old  gives  to  the  new 
a  greater  market  than  the  old  ever  enjoyed. 


Chaptkr  II 

RESEARCH   THE   CREATOR 
OF  WEALTH 


There  are  some  who  paint  a  gloomy  picture  of  the  economic 
future  of  this  country.  They  point  out  that  the  enormous 
growth  in  wealth  and  pros|)erity  of  the  country  between  1800 
and  1^)00  was  largely  due  to  the  discovery  and  utilization  of 
new  natural  resources.  The  gradual  increase  in  the  acreage 
of  farm  and  forest  land  due  to  the  discovery  of  huge  de- 
posits of  coal.  iron,  oil  and  gold  have  accounted  for  an  in- 
crease in  national  wealth  more  than  enough  to  take  care  of 
the  losses  in  natural  wealth  represented  by  unproductixe 
enterprises,  wars  and  taxes.  So  great  has  been  this  increase 
in  natural  wealth  that  there  has  been  sufficient  sur])Ius  to 
allow  the  accumulation  of  excess  cai)ital  and  yet  lea\  e  enough 
for  im])ortant  increases  in  the  standard  of  living. 

These  economic  pessimists  point  out  that,  in  the  future 
there  will  be.  on  this  continent,  no  new  lands  to  exploit,  and 
that  it  is  extremely  unlikely  that  there  are  any  \ery  great 
mineral  deposits  yet  to  be  found  within  the  I'nited  States. 
Hence,  they  argue,  the  United  States  mu^t  look  forward  to 
a  period  of  stable  economics  to  be  followed  by  a  long  period 
of  decline. 

The  picture  thev  paint  is  indeed  a  gloomy  one.  and  one 
unfortnnatelv  all  too  true.  There  i>  but  one  ray  of  light  to 
brighten  it.    They  are  right  up  to  a  point.    In  order  to  main- 
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tain  civilization,  in  America,  at  its  present  high  economic 
level,  as  well  as  to  allow  that  level  to  rise,  it  is  necessary  that 
new  frontiers  be  passed  and  new  lands  opened.  What  they 
forget  is  that  there  are  frontiers  to  the  mind  and  that  there 
are  vast  unexplored  fields  of  science  awaiting  discovery  and 
exploitation.  There  is  wealth  to  be  found  in  these  fields  far 
greater  than  has  been  found  in  the  prairies  of  Nebraska  or 
the  gold  mines  of  California. 

This  is  not  merely  a  fantasy  or  wishful  thinking  of  a 
specialist  in  research.  The  total  value  of  the  gold  produced 
in  California  was  about  one  billion  dollars,  while  the  in- 
creased value  of  the  stocks  and  bonds  of  the  automobile 
companies  far  exceeds  that  sum.  Nebraska  has  added  to  the 
net  available  capital  of  the  United  States  about  another 
billion  dollars,  according  to  rough  estimates, — only  a  fraction 
of  the  amount  of  new  capital  created  by  Edison's  discoveries 
in  the  field  of  electricity  alone. 

Look  at  it  in  another  way.  If  we  exclude  land,  which  is 
not  really  capital  at  all.  it  has  been  estimated  that  at  least 
half  of  the  entire  capital  of  the  United  States  is  invested  in 
businesses  founded  on  inventions  made  in  the  last  century 
and  a  half.  To  justify  this  seemingly  extreme  statement,  look- 
over  any  list  of  business  concerns,  say  those  listed  on  the 
stock  exchange, — for  example,  American  Can,  American 
Radiator.  American  Sugar.  American  Telephone  and  Tele- 
graph, Baldwin  Locomotive,  Bethlehem  Steel,  Borden, 
Chrysler.  DuPont,  Eastman  Kodak,  General  Electric,  Gil- 
lette, International  Nickel.  Lehigh  Cement,  National  Cash 
Register,  Paramount.  Radio  Corporation.  Wesson  Oil.  West- 
inghouse.  Pennsylvania  Railroad,  and  Pacific  (ias  and  Elec- 
tric, to  name  but  one  representative  from  each  group. 

It  is  really  hard  to  find  a  modern  manufacturing  business 
whose  product,  or  at  least  whose  manufacturing  or  operating 
method,  is  not  the  result  of  invention.    Research  therefore, 
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in  some  sense,  produco  wealth  and  is  of  \alue  both  in  a 
financial  and  in  a  social  sense,  iiowexer.  it  iXMjuires  a  little 
closer  consideration  to  translate  these  ji^eneral  .facts  re^ard- 
ini,^  the  economic  and  social  \  alue  of  industrial  research  into 
terms  which  an  accountant  or  business  executive  can  under- 
stand, and  it  is  important  to  do  this,  as  it  is  ])recisely  in  this 
detailed  treatment  of  the  financial  value  of  research  that  one 
discoxers  some  of  its  most  sit^nificant  social  characteristics. 

Probably,  at  some  time  or  another,  nearly  every  research 
executive  has  been  asked  to  prepare  a  statement  showin^^ 
how  much  the  research  laboratory  has  contributed  to  the 
profit  of  the  comj)any.  Most  of  them  have  attempted  to 
comply  with  this  request  by  preparing  a  statement  showinjj^ 
the  total  or  annual  profits  accruin,!,''  from  the  sale  of  products 
invented  in  the  research  laboratory.  Ikit  any  jj^ood  accountant 
could  tell  them  that  there  is  no  necessary  connection  between 
the  value  of  the  inventions  and  the  profits  produced  bv  their 
sale. 

Increases  in  wealth  always  mean  an  o])portunitv  for  ex- 
ploitation. Business,  like  real  estate,  has  its  increments.  The 
most  important  is  the  increment  which  comes  from  the  rise 
in  value  of  the  stock  over  and  aboxe  the  value  of  the  physical 
assets  of  the  company.  What  research  does  for  a  company  is. 
in  the  last  analysis,  to  contribute  to  this  rise  in  value  of  the 
stock  of  the  comj)any  in  the  strict  sense  this  increment  to 
the  \  alue  of  the  stock  of  the  company,  like  the  increment  to 
the  value  of  real  estate,  is  unearned;  that  is  to  say.  the  \alue 
of  the  inventions  of  a  successful  research  laboratory  are  dis- 
proportionate to  the  monev  and  labor  expended  on  the  in\  en- 
tion.  These  increases  in  value  always  _t;ive  to  the  man  or  com- 
pany furnishini,^  the  capital  a  chance  to  make  a  great  profit, 
normally  by  the  rise  in  the  price  of  the  stock,  but  often  by 
means  not  so  innocuous. 

But  the  fact  that  monev  can  alwavs  be  made  bv  the  ex- 
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ploitation  of  a  successful  invention,  does  not  mean  that  the 
business  founded  on  such  inventions  will  he  able  to  operate 
at  a  profit.  Thus  radio  and  aviation  stock,  whose  value  has 
increased  so  enormously,  has  up  until  recently  not  been  able 
to  pay  dividends. 

As  in  other  forms  of  business,  there  is  no  necessary  con- 
nection between  the  creation  of  excess  wealth  by  research 
and  the  earning  of  profits.  A  company  like  the  Haynes 
Automobile  Company,  the  DeForest  Company,  or  the  Isco 
Company,  may  by  its  research  create  an  industry  and  yet  go 
bankrupt  or  fail  to  earn  a  profit  for  its  original  owners. 

The  rather  common  failure  of  research  to  make  a  profit 
for  the  inventor  and  early  promoters  is  not  due  entirely  to 
the  notorious  (and  exaggerated)  lack  of  business  ability  of 
inventors.  It  is  more  often  due  to  two  facts  which  are  com- 
monly overlooked  by  inventors  and  their  backers. 

The  first  of  these  facts  is  that  the  creation  of  wealth  out 
of  these  potential  values  requires  capital  investment  larger 
than  the  wealth  created.  This  is  because  the  promotion  of  an 
invention  recjuires  a  capital  investment  for  business  and 
equipment  sufficient  to  supply  the  demand  which  the  inven- 
tion creates.  If  the  invention  is  wanted  by  more  customers 
than  the  inventing  corporation  can  supply  with  its  present 
plant  and  capitalization,  competing  concerns  will  spring  up 
to  supply  that  demand.  This  will  happen  regardless  of  arti- 
ficial aids  to  monopoly  such  as  patent  protection,  trade  se- 
crets, and  the  manufacturing  advantages  which  accrue  to  the 
original  manufacturer. 

In  the  case  of  major  inventions,  this  law  of  the  obligation 
of  business  to  care  for  the  customer  places  such  a  large  de- 
mand on  capital  that  only  in  the  case  of  the  Bell  Telephone 
interests  has  a  private  inventor  and  his  associates  been  able, 
at  the  sarr.e  time  to  finance  the  comj^any,  to  supply  the  de- 
mand, and  to  maintain  monopoly  without  loss  of  control. 


18  1 11(1  list  rial  Research 

The  case  of  the  American  Teleplionc  and  'I'cle^^raph  Com- 
pany is  exceptional  because  the  \aluc  of  the  service  to  the 
customer  is  so  largely  dependent  on  the  completeness  of  the 
monoj)oly. 

The  second  handicap  to  profits  is  tlie  fact  that  the  orijj^inal 
invention,  if  successful,  is  invariably  a  stimulant  and  a  chal- 
lenge to  thousands  of  research  workers  elsewhere,  b.very 
second  rate  inxentor  in  tlie  country  will  j^roceed  to  work,  in 
l)articular  in  the  research  department  of  those  corporations 
whose  business  will  be  affected  by  the  new  invention.  As  a 
result  of  all  this  one  of  two  things  will  happen:  either  an 
entirely  new  way  of  accomplishing  the  result  of  tlie  first 
inventor  will  be  found  which  is  so  much  better  than  the 
original  way  that  it  will  supersede  the  new  invention  en- 
tirely, or.  still  keeping  the  fundamental  ])rocess  of  the  inven- 
tion. im])ro\ ements  of  construction,  performance  or  cost 
will  be  made  which  will  make  the  in\ention  in  its  original 
form  unmarketable. 

According  to  the  patent  law.  these  improxements  cannot 
be  used  without  license  from  the  original  inventor,  who.  it 
is  supposed,  has  obtained  a  basic  patent  on  his  idea.  But 
likewise  the  original  inventor  cannot  use  these  impro\emcnts 
without  a  license  frc.m  the  men  who  made  them. 

As  a  result  o\  these  iniprox  ements  within  a  short  time, 
usually  less  than  live  years,  the  ])atent  ])rotection  of  the 
original  inventor  becomes  useless  since  the  jniblic  will  demand 
the  improved  |)ro(luct.  The  original  inventor  cannot  make 
thi>  without  the  permission  of  the  secondar)-  inventor. 

To  see  how  these  principles  work  against  the  small  inven- 
tor take  an  imaginar\-  case  (to  ax'oid  hurting  feelings).  Con- 
sider vonrself  the  inventor  f)f  a  new  television  set  which  you 
can  sell  at  a  jjrofit  for  $50.0(1.  If  vou  are  a  most  unusual 
inventor  vou  mav  be  able  to  beg.  borrow  or  steal  a  million 
dollars.    Suppose  with  this  cajiital  you  start  manufacturing. 
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With  this  small  capital  you  would  have  no  means  left  for 
national  advertising  and  no  capital  to  build  up  a  national 
selling  organization.  Your  business  would  at  first,  at  least, 
be  small,  and  your  distribution  local.  If  your  business  is 
soundly  managed,  if  you  have  luck,  you  might  make  ten  to 
fifteen  per  cent  on  your  investment.  However,  your  sales 
would  not  greatly  increase  from  year  to  year,  because  you 
cannot  advertise  and  would  have  little  free  publicity.  If 
your  product  is  a  good  one,  or  even  if  it  isn't,  the  local  agent 
for  the  largest  radio  company  would  hear  of  it,  and  as  every 
sale  you  made  would  interfere  with  his  business,  and,  worse, 
with  his  sales  morale,  he  would  howl  long  and  loud  to  his 
parent  organization.  Then  the  ponderous  machinery  of  sales, 
sales  engineering,  and  service  would  demand,  "Why  haven't 
we  such  an  apparatus?"  and  the  order  would  come  down, 
from  president  to  chief  engineer  to  television  division,  "Pro- 
duce a  better  and  cheaper  one",  and  in  a  surprisingly  short 
time  the  television  division  would  do  just  that,  because 
almost  any  expert  can  impro\'e  on  a  product  which  already 
exists.  The  patent  department  would  by  this  time  have  looked 
up  your  patents  to  see  if  they  are  perfectly  valid.  Probably 
they  would  not  be,  but  suppose  they  are.  That  wouldn't  deter 
them.  They  would  go  right  to  work  and  pretty  soon  they 
would  have  a  series  of  patents  covering  all  the  improvements 
on  your  product  of  which  their  much  larger  research  depart- 
ment could  think.  Now  if  they  were  an  unusually  considerate 
concern  they  might  offer  to  buy  your  business,  say  for  $750,- 
000.  If  you  were  wise  you  would  accept.  If  not,  you  would 
indignantly  turn  the  offer  down.  But  that  wouldn't  make 
any  difference;  they  would  go  right  on  manufacturing,  and 
would  start  selling  their  new  television  set  at  $49.50.  This 
wouldn't  hurt  your  business  any.  In  all  probability  their  free 
advertising  would  at  first  help  your  business.  Nevertheless 
it  would  make  you  angry  and  you  would  sue  them,  where- 
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upon,  if  you  really  have  a  \  alid  case-,  they  would  otter  to  form 
a  i)atent-lio](lin<;-  company  to  which  vou  would  j^nve  vour 
])atents  and  to  which  thev  would  ,t^i\e  theirs.  At  least  tliey 
wduld  ha\e  done  this  pi'ior  to  the  recent  court  decisions  on 
patent  pools,  if  you  were  \\i>e  you  would  accejjt;  if  not,  \-ou 
would  ^'o  on  with  the  suit.  In  due  time.  sa\'  four  or  ti\e  \ear>. 
you  would,  if  lucky,  ^et  judgment  aj^ainst  them  and  vou 
would  he  awarded,  in  hack  ro\alties.  ahout  enough  to  j)a\' 
your  lawyer.  This  would  he  i^ratifyinj^.  hecause  \ou  would 
fi^mre  the  futiu'e  income  they  would  ha\e  to  ;^i\e  vou.  lUit. 
unfortunately.  1)\  this  time  \ou  would  Inid  \our  ori.i^inal 
product  entirel)-  out  of  date.  ^  our  customers  would  he  used 
to  the  hetter  product  \our  ri\al  was  selling;",  and  would  de- 
mand that  you  too  make  use  of  the  latest  improxements 
which  he  has  contrihuted  to  the  art.  IheN'  would  want  his 
set  hecause  it  produced  ])ictures  in  color,  hecause  it  s;"a\e  a 
clearer  picture,  and  ^ot  .greater  distance.  im])ro\  ements 
wliich.  with  his  much  larger  ori^ani/ation.  he  has  heen  ahle 
to  make.  lO  meet  this  demand  \ou  would  ha\i'  to  make  an 
agreement  to  use  hi>  patent>  or  i^o  out  of  l)U>ine>s.  In  anv 
e\ent  \'ou  would  lose  your  monopoK,  hecause  he  would 
recjuire  the  rii^ht  to  use  your  patent>  as  a  condition  for  urant- 
in<^  vou  his  patent  rii^hts. 

hnention.  then,  even  thouj^h  it  ma\  make  wealth  for  some- 
one else,  does  not  neces>aril\  make  a  prolit  tor  the  inventor. 
Prolit,-  in  invention.  a>  elsewhere,  depend  on  management. 
There  is  no  short  cut  for  a  sound  hu^iness  policv,  and  thouii^h 
sound  husinos  mu>l  include  research  and  credit  it  with  the 
increases  of  wealth  it  ci"eate>,  it  is  a  mi>take  of  accounliuL;' 
to  ci'edit  to  re>eai'ch  the  indirect  profits  which  may  he  earned 
on  the  wealth  so  produced.  I.ikev\ise  it  is  eijuallv  improper 
to  consider  a  research  department  ot  no  value  to  an  or^aui- 
/ation  l)ecau>e  its  ])ro(luct>  do  not  ;it  tM'>t  >ell  at  a  prolit.  I  he 
true  mear-ure  ot  the  worth  oi  a  re-earch  lal)orator\   to  a  com- 
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pany  is  the  increase  in  wholly  owned  wealth  (increase  in 
value  of  stocks  less  increase  in  bonded  expenditures).  It  is 
extremely  difficult  to  figure  this  in  any  given  case.  This  in- 
crease in  wealth  is  often  huge  even  in  cases  where  no  divi- 
dends are  being  paid  at  all.  Witness  the  increase  in  stock 
value  of  air])lane  and  radio  companies. 

But  any  accountant  will  tell  you  that  this  is  a  speculative 
increase,  and  so  it  is.  From  the  strictly  business  point  of  view 
the  value  of  research  is  the  increase  in  speculative  value  of 
the  company.  It  is  the  potential  unearned  increment  of 
wealth,  called  speculative  value  of  a  corporate  holding,  which 
in  manufacturing  companies  is  the  true  measure  of  the  value 
of  research.  No  one  in  his  right  senses  would  buy  stocks 
yielding  2%  when  the  rate  on  industrial  bonds  is  4j/2%, 
unless  he  believed  that  the  future  increase  in  value  of  the 
stock  would  more  than  recoup  him  for  his  loss  in  interest. 

From  another  j)oint  of  view,  research  may  be  considered 
as  a  mortgaged  security.  This  is  literally  so,  for  if  an  in\en- 
tion  is  to  produce  income,  capital  is  required  to  purchase  the 
new  machinery,  goods  and  buildings.  This  capital  must 
either  be  borrowed  from  funds  which  would  otherwise  go 
into  dividends,  or  must  be  borrowed  from  banks,  or  must  be 
borrowed  by  new  issues  of  stocks  and  bonds.  Banks,  if  they 
were  really  half  as  conservative  as  they  are  supposed  to  be, 
would  require  that  borrowed  funds  to  increase  business  facili- 
ties be  secured  not  only  on  the  buildings  constructed  and 
land  bought,  but  also  by  hypothecating  the  patents  on  which 
this  business  is  founded.  They  would  thus  not  only  be  add- 
ing to  the  security  of  their  capital,  but  they  would  also  be 
setting  up  an  accounting  machinery  for  the  objective  valua- 
tion of  invention  and  research.  This  is  one  of  the  most 
important  needs  of  modern  accounting.  Some  banking  con- 
cerns are  begi.-ning  to  recognize  this,  and  many  of  the  wiser 
banks  will  not  lend  except  to  companies  with  research  organi- 
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zations.  Tlie  wliole  (luestion  of  tlie  jjlace  of  research  in  tlie 
balance  sheet  of  the  conii)any  needs  standardization. 

It  is  safe  to  say  tliat  the  (|uestion  of  the  evahiation  oi 
research  as  part  of  a  corporate  strnctnre  is  the  ,i,neate>t  reaxjn 
for  the  faihire  of  researcli  t(;  be  properly  supported  in  nianv 
otherwise  well-managed  conij)anies. 

Research  is  niortga<(ed  capital  in  another  sen>e  :  it  creates 
a  future  oblij^ation.  This  is  the  oblii^ation  to  >teadv  j^rowth 
necessary  to  i)ay  oti'  the  capital  attracted  and  to  release  this 
capital  for  further  use.  This  can  be  done  onlv  by  continuinj^ 
growth  in  business  volume  and  profits,  which  in  itself  is  the 
re(|uirement  for  more  reseai'ch. 

From  the  broadest  i)oint  of  view  the  jjrogress  of  the  world 
towards  higher  standards  of  living,  in  the  absence  of  new 
lands  or  mines  to  exploit,  can  onlv  be  brought  about  1)\ 
wealth  increase  due  to  the  disctjxerv  of  new  pro(luct>.  unless 
indeed  we  are  to  return  to  the  cynical  economic  ])hilosophv 
now  called  Fascism,  which  holds  that  the  only  wav  to  create 
wealth  is  to  steal  it  from  some  one  else. 

Nevertheless  this  does  not  mean  that  there  >hould  be  an 
uncontrolled  expansion  of  research,  for,  as  everv  large  cor- 
})oration  knows,  there  is,  in  expenditure  for  research,  a  very 
definite  upper  limit.  This  upper  limit  i>  partlv  fixed  bv  the 
law  (^f  diminishing  returns,  which  work>  sharply  with  re- 
search as  with  e\ery  other  business  actixitw  More  concretely 
it  depends  on  the  fact  that  unrestrained  research  can  soon 
invent  so  many  things  to  manufacture  and  sell  as  to  be  (|uite 
bevond  the  capacity  of  an  organization  with  limited  capitali- 
zation. i)lant  and  sales  outlet. 

Xot  only  must  there  be  an  upper  limit  to  research  in  any 
company,  but  not  all  companies  should  undertake  research, 
in  spite  of  the  fact  that  there  has  been  a  tendeucx  for  many 
ct)mpanies  who  liave  no  real  excuse  tor  a  re-'carch  labora- 
torv.  to  follow  the  process  unthinkingly. 
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Thus,  before  starting  a  research  lal)oratory,  a  business 
executive  should  consider  very  carefully  the  particular  needs 
and  opportunities  of  his  company,  exactly  as  he  would  con- 
sider a  plant  expansion.  Indeed,  the  considerations  underly- 
ing the  desirability  of  research  for  any  corporation  are  not 
unlike  the  considerations  that  govern  the  construction  of 
other  new  facilities.  It  is  clear,  for  example,  that  a  plant  with 
a  limited  local  market,  restricted  credit,  or  a  highly  special- 
ized product,  should  limit  its  research,  if  any,  to  just  that 
market  and  product.  The  advisability  of  undertaking  such 
limited  research  is  cluttered  up  with  questions  of  policy  which 
must  be  carefully  studied.  To  do  this  it  is  necessary  to  look 
in  more  detail  at  research  in  its  relation  to  business. 


Chapter   III 
WHAT   IS   RESEARCH? 


The  word  "research"  has  two  rather  distinct  uses.  The  first 
or  general  use  is  to  cover  ail  the  processes  whereby  an  inven- 
tion is  conceived  and  carried  to  the  point  where  it  can  be 
turned  over  to  production.  It  is  this  very  broad  use  that  one 
has  in  mind  when  one  talks  of  industrial  research,  or  the 
research  laboratory. 

The  second  use  of  the  word  "research"  is  a  very  specific 
use  and  refers  to  laboratory  experiments  concerned  with  the 
accumulation  of  data  needed  for  engineering-  use,  or  with  the 
establishment  of  a  principle  or  theory  that  may  be  needed 
in  understanding  difficulties  or  suggesting  developments. 
It  is  this  second  use  of  the  word  that  the  college  professor 
has  in  mind  when  he  thinks  of  industrial  research,  because 
this  usage  of  the  word  is  more  in  accordance  with  the  use  of 
the  word  "research"  in  the  university  laboratory.  There 
research  may  be  defined  as  experimentation  devoted  to  the 
establishment  of  data  or  to  the  test  of  theory. 

Vet  in  industry  this  phase  of  research  is  only  a  rather  in- 
significant part  of  the  whole  job  of  the  research  laboratory. 
— a  fact  which  greatly  militates  against  the  usefulness  of 
some  college  professors  as  consultants,  and  also  against  the 
use  of  unexperienced  cheiuists  and  engineers  in  the  industrial 
research  laboratorv  until  thev  have  been  well  broken  in — 
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until  theory  and  practice  ha\e  lived  and  worked  together  to 
form  an  understanding  union. 

Much  more  serious,  however,  is  the  confusion  which  is 
very  apt  to  exist,  within  the  company,  between  the  function 
of  the  research  laboratory  of  the  company  and  other  company 
activities. 

I'he  most  important  of  these  activities  which  tends  to  be 
confused  with  research  are  engineering  development,  inspec- 
tion, process  control,  and  patents.  Each  of  these  activities 
touches,  in  some  way,  the  research  laboratory.  Probably,  the 
principal  cause  of  such  so-called  research  failures  has  been 
the  confusion  of  one  or  more  of  these  functions  with 
research. 

It  is  therefore  important  to  define  industrial  research  a 
little  more  carefully,  distinguishing  it  from  engineering, 
tests,  production,  etc.  It  may  be  wise  to  give  a  few  illustra- 
tions. Take  one  first  from  the  field  of  refrigeration.  A 
company  is  engaged  in  the  profitable  manufacture  of  domes- 
tic refrigerators  on  which  it  depends  for  its  principal  income. 
On  the  side  it  has  been  engaged  in  selling  small  air-condition- 
ing units  for  the  home.  It  has  never  made  any  profit  on  this 
equipment,  which  it  continues  to  manufacture  primarily  as  a 
matter  of  prestige. 

There  now  comes  to  its  attention  a  new  air-conditioning 
device  which  is  radically  different  from  the  device  which  it 
is  merchandising  at  a  loss.  This  device,  for  example,  is  heat- 
operated,  not  electrically  operated,  and  would  therefore  make 
|xjssible  both  the  heating  and  cooling  of  the  house  with  the 
same  ecjuipment.  We  will  suppose  that  the  device  has  reached 
a  point  where  the  principle  has  been  established.  First  models 
have  l)een  built,  but  there  is  still  a  large  amount  of  detailed 
and  expensive  de\elopment  which  must  be  done.  This  is  the 
usual  stage  at  which  the  device  reaches  the  executive  for 
decision.    Now,  if  the  executive  having  control  of  research 
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is  tlie  chief  engineer,  as  is  so  often  the  case,  liis  mental 
processes  are  hkely  to  he  as  follows:  "This  gadget  will  cost, 
say.  $500,000  to  hring  to  the  j)oint  where  it  can  he  sold. 
There  is  no  assurance  then  that  (lifficnlties  may  ntjt  arise  that 
will  make  it  impractical  from  the  standpoint  of  operating 
cost,  lirst  cost,  or  manufacturing  difficulties.  Further,  there 
is  no  assurance  that  it  can  he  ^old  in  volume  and  at  a  profit 
when,  two  years  from  now.  we  shall  have  spent  $500,000. 
The  presumption  is  rather  that  it  won't  he  possihle  to  sell  this 
device  at  a  profit  hecause  we  are  not  making  profit  on  what 
we  already  sell  in  this  field.  Further,  our  entire  staff  has 
already  all  it  can  do  in  designing  next  year's  models.  Why 
take  a  chance?  Let's  wait  until  someone  else  tries  out  the 
field  and  then,  when  it  is  explored,  we  can  go  in." 

Now,  it  is  not  the  point  of  this  story  to  argue  that  anv  of 
these  ohjections  are  not  valid.  Usually  they  are  all  ([uite 
valid.  Nor  is  it  the  point  to  show  that  such  a  conservative 
point  of  view,  regarding  new  e([uipment,  does  not  have  its 
use  in  industry.  Indeed,  at  some  stage  every  piece  of  new 
etjuipment  and  every  new  process  must  quite  properly  meet 
such  ohjections.  The  point  is  when?  Is  it  when  a  new  idea 
has  first  been  brought  to  the  attention  of  the  company  or  is 
it  just  before  it  is  ready  and  proven  for  production? 

It  is  the  function  of  the  engineering  and  development  de- 
partment of  a  modern  corporation  to  take  equipment  which 
it  has  been  decided  by  management  to  manufacture,  and 
to  do  the  detailed  study  of  the  design  and  manufacturing- 
process  which  is  necessary  if  the  device  is  to  be  produced 
cheaply  and  in  volume,  and  if  it  is  to  lie  free  from  minor 
defects  under  field  operation.  Since  design  is  never  a  fixed 
thing  but  must  be  fluid,  changing  from  year  to  year  as 
demand  changes  and  as  experience  suggests  and  as  new  raw 
materials  dictate,  it  is  also  by  tradition  the  function  of 
engineering  to  suggest  and  carry   through,   after  approval 
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by  sales,  such  changes  in  models  under  production  as  will 
improve  these  models  in  usefulness,  appearance,  price,  or 
cost.  In  order  to  carry  out  this  function,  engineering  must 
always  be  conservative  and  factual.  That  is  exactly  the 
value  of  engineering  to  the  organization.  If  the  company  is 
to  make  money,  nothing  must  go  into  production  which  has 
not  been  studied  in  such  complete  detail  that  there  is  no 
chance  of  difficulties  in  manufacture,  sale,  or  use.  Hence  the 
attitude  of  the  engineer  and  development  man  must  be 
summed  up  in  the  following  motto  to  be  placed  o\er  the 
door  leading  from  luigineering  to  factory:  "Nothing  shall 
pass  this  door  which  is  not  fully  considered,  fully  tested,  and 
of  which  there  can  be  any  possible  doubt."  Such  a  profes- 
sional attitude  is  fatal  to  research,  and  engineering  should 
never  be  given  the  last  word  in  a  research  decision. 

In  this  same  Refrigeration  company  there  is  a  research 
department  organized  under  the  engineering  division,  as  is 
usually  the  case  in  smaller  companies.  Once  it  happened, 
years  ago,  that  the  research  department  had  the  idea  of  a 
cheaper  domestic  refrigerating  unit  of  a  somewhat  radical 
design.  The  principal  feature  of  this  design  was  that  the 
entire  part  of  the  machinery  which  had  to  do  with  making 
ice  and  cooling  the  cabinet  was  separate  from  the  cabinet  and 
could  be  manufactured  and  shipped  independently  of  the 
cabinet.  This  was  such  an  obvious  advantage  to  any  one 
connected  with  modern  production  line  manufacturing  and 
tests  that  it  appealed,  in  a  moment  of  weakness,  as  new  ideas 
will,  to  the  chief  engineer,  to  the  president  and  to  the  sales 
department  executive,  who  at  that  time  had  the  unfortunate 
habit  of  dropping  in  to  see  what  the  research  division  w^as 
doing.  It  seemed  to  be  just  what  the  company  needed  for 
the  spring  campaign  of  increasing  refrigerator  sales  at  the 
low  price  level.  So  the  order  went  down  from  president  to 
sales  executive  to  chief  engineer  to  engineer  in  charge  of  the 
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research  department:  "Ciet  the  T-unit  ready  for  immediate 
production."  Inhere  was  no  time  to  go  through  thr  regular 
design  (hvisions. — not  well  separated  at  the  time. — so  the 
work  of  preparing  specifications  and  production  had  to  he 
done  hy  the  research  department  which  had  made  the  original 
design.  Under  the  conditions,  research  did  a  remarkal)ly  line 
jol)  of  getting  out  production  drawings  and  specifications  and 
cooperating  with  production  engineering  in  arranging  tooling 
and  assembly  procedure.  I  am  sure  that  none  of  us  from 
research  who  were  even  slightly  connected  with  this  rush 
order  production  job  failed  to  get  very  valuable  experience 
from  the  contact  with  the  details  of  production  engineering 
and  product  engineering.  But,  the  unit  was  so  full  of  defects 
that  it  barely  survived  a  year's  production,  and  instead  of 
being  the  success  hoped  for,  it  probably  was  responsible,  as 
much  as  anything,  for  a  loss  in  relative  position,  in  the 
industry,  of  this  company. 

This  was  not  because  the  men  in  the  research  department 
were  less  competent  than  the  men  in  production  engineering, 
nor  even  that  they  were  less  experienced  in  production, 
though  that  played  its  part.  The  primary  difference  is  in 
point  of  view.  The  research  man,  if  he  is  to  be  worth  any- 
thing, must  be  able  to  find  the  grain  of  gold  in  the  pan  of 
gravel ;  the  development  engineer  must  be  able  to  see  the 
fly  in  the  ointment.  These  attitudes, — the  one  trained  to  look 
for  what's  wrong,  the  other  to  see  the  valuable  features  of  a 
complete  failure, — make  engineering  and  research  comple- 
mentary to  each  other,  but  also  miles  apart.  In  this  particular 
case  so  much  emphasis  had  been  jnit  on  new  features  of  the 
design  that  defects  which  any  trained  man  should  see  had 
been  overlooked. 

In  most  chemical  concerns  this  function  which  we  have 
called  "Engineering"  is  performed  by  a  department  called 
"Development."    In  a  chemical  concern  design  of  something 
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of  which  you  can  make  bhieprints  is  of  relatively  little  im- 
portance. A  new  product  such  as  the  complex  diamine  of 
adipic  acid  "Nylon"  isn't  a  thing  you  design  in  quite  the 
same  sense  as  you  design  a  new  refrigerator.  The  draftsman, 
the  devotee  of  Kent's  Handbook  and  the  slide  rule  expert 
doesn't  figure  quite  so  much  as  does  the  chemist,  the  analyst 
and  the  physical  chemist — at  least  so  we  hope.  But  never- 
theless the  adipic  acid  hexamethylenediamine  polymer  of 
Carothers'  laboratory  has  to  be  taken  out  of  the  stage  of 
laboratory  molecular  stills,  to  the  stage  of  huge  reactors,  heat 
exchangers,  spinners,  tenters,  if  milady  is  to  wear  a  sheer 
stocking.  Somebody  has  to  work  out  exactly  what  steps  to  use 
in  the  manufacturing  process;  what  apparatus  to  use;  just 
what  temperatures,  speeds,  times,  pressures,  amounts  to  use 
in  every  step ;  just  what  compromises  to  make  between  cost 
and  quality,  and  most  of  all  someone  had  to  decide  whether 
to  make  the  product  at  all. 

Development  men,  many  of  them  as  capable  and  as  well 
trained  as  the  best  research  men  do  not  like  to  be  called 
engineers.  But  I  say  they  are  both  the  same  in  that  their  value 
and  function  in  an  organization  is  in  that  point  of  view 
which  insists  in  making  sure  that  the  process  will  work  and 
make  a  profit. 

I  give  one  illustration.  I  have  in  my  possession  a  sample 
of  plastic  which  means  a  lot  to  me.  Years  ago  when  on  an 
inspection  trip  for  the  Government  I  happened  to  visit  one 
of  the  large  chemical  research  laboratories.  As  I  wandered 
around  I  was  shown  a  rather  unpromising  looking  new 
plastic.  (This  was  before  the  great  vogue  for  these  ma- 
terials.) I  begged  a  sample  and,  since  I  was  a  Government 
man,  was  given  one.  With  radio  insulators  in  mind  I  took 
it  back  to  Washington  and  had  it  tested. 

Out  of  hundreds  of  materials  which  we  had  tested  for  that 
purpose,  it  was  the  only  one  which  met  our  requirements. 
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Feelins:  rather  like  Santa  Clans  I  went  back  to  the  Company, 
told  them  the  results  of  our  tests,  and  su<,fj;ested  that  the 
Company  make  and  sell  this  material  for  this  s])ecial  use 
This  they  did  and  in  due  time  a  small  business  was  built  up 
in  radio  insulators.  This  was  durini;  the  depression.  The 
Company  lookin*^  for  economies  saw  this  tiny  business,  which 
had  no  volume  and  which  made  no  i)rofits,  and  decided  to 
license  their  process  to  another  Company. 

The  sample  I  have  is  not  a  sample  made  in  those  early 
days.  It  was  given  me  much  later  by  the  licensee  of  the 
original  Company.  The  material  is  still  being  used  in  a  small 
way  as  a  radio  insulator  but  it  is  also  being  used  to  the  extent 
of  millions  of  pounds  in  quite  different  fields. 

The  point  of  this  story  is  not  that  the  modern  use  was 
overlooked  by  the  research  laboratory  in  those  old  days,  for 
most  of  these  uses  could  have  been  foreseen.  The  ])oint  is 
that  in  1932  the  development  men  said:  "This  product  has 
cost  $500,000  to  develop.  The  process,  if  it  is  to  be  done 
on  a  large  scale,  will  take  $1,000,000  for  further  develop- 
ment and  plant.  We  will  not  sink  that  money  on  a  product 
which  is  carrying  us  into  the  'red'  every  day." 

Development  and  engineering  are  thus,  in  some  respects. 
the  antitheses  of  research.  They  are  the  brake  and  control 
mechanism  for  the  car  of  progress — without  it  no  business 
could  be  safely  driven — too  much  and  it  never  starts. 

Now  in  industry  there  is  another  corporate  activity  which. 
in  the  executive's  mind,  tends  to  become  confused  with  re- 
search. This  is  the  group  of  activities,  differently  organized 
in  the  various  industries,  which  include  inspection,  process 
control,  specification,  raw  j)roduct,  ai)proval.  and  final  test. 

In  one  sense  there  is  nothing  c|uite  so  different  from  re- 
search as  the  job  of  the  man  who  looks  for  a  defect  in  a 
casting  or  a  finished  piece,  who  notes  whether  all  the  steps 
in  a  i)rocess  are  correct,  who  specifies  what  grade  of  oil  to 
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use  in  a  part,  and  who  analyzes  a  shipment  of  iron  for 
carbon ;  yet  this  function  of  control  is  Aery  commonly  con- 
fused with  research. 

There  are  two  reasons  for  this :  first,  that  the  operations 
of  control,  that  is.  the  chemical  analyses,  the  physical  tests, 
and  the  final  run-in  test,  usually  rec^uire  the  same  instru- 
ments that  are  used  in  the  research  laboratory,  and  thus  are 
often  performed  in  the  same  laboratory  buildings. 

The  second  reason  is  that,  as  nearly  every  research  direc- 
tor has  found,  it  is  very  desirable  to  keep  the  closest  con- 
tact with  inspection  or  tests  because  that  department  usually 
has  the  first  and  most  accurate  picture  of  the  faults  in  exist- 
ing e(iuii)ment,  or  at  least  of  those  faults  with  which  the 
research  department  is  chiefiv  concerned.  Kettering,  with 
his  gift  for  inspired  over-simplification,  has  said  that  the 
main  task  of  research  is  to  find  out  what's  wrong  with  what 
you  sell. 

Nearly  every  research  director  has  at  one  time  or  another 
expressed  the  opinion  that  it  is  not  the  function  of  research 
to  serve  as  a  trouble-shooter  or  to  correct  faults  of  desis^n 
or  manufacture.  In  almost  every  research  laboratory  a  very 
considerable  ])art  of  the  time  is  spent  not  on  major  projects 
of  the  inventive  type  which  have  formed  the  subject  matter 
of  these  earlier  chapters,  but  on  minor  projects :  the  correc- 
tion of  faults  of  existing  apparatus,  the  improvement  of 
processes  of  manufacture  and  tests,  and  the  design  and  inven- 
tion of  minor  improvements.  These  are  more  ])ropcrlv  the 
functions  of  other  dei)artments,  but  for  various  good  or  bad 
reasons  they  are  given  to  research,  as  a  sort  of  complemen- 
tary service. 

Most  of  the  reasons  given  why  research  should  undertake 
trouble-shooting  are  bad.  and  the  best  organized  research 
departments  do  a  minimum  of  it.  But  there  is  one  reason 
which  is  usually  considered  good,  namely,  to  keep  the  re- 
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search  })crsonncl  well  ac(|iiaintc(l  with  the  deficiencies  of 
existent  e(|uij)inent.  ihis  knnwled.i^e  conies  particularly  easily 
from  inspection  and  control.  1  iencc  there  is  a  f^^reat  tendency 
for  research  laboratories  to  undertake  a  rather  large  pro- 
portion of  s])ecial  tests,  where  they  have  the  facilities.  There 
is  also  a  need  for  close  contact  with  the  orj)haned  and  un- 
popular group  whose  responsibility  it  is  to  keep  equipment 
up  to  standard. 

There  is  another  department  in  most  large  companies 
whose  functions  so  intersect  those  of  research  that  the  dis- 
tinctions between  these  departments  should  be  clearly  under- 
stood 6y  all  interested  in  the  theory  of  corporate  organiza- 
tion. This  is  the  legal  department.  As  much  misorganized  as 
some  research  departments  are,  there  are  probably  few  de- 
partments whose  place  in  the  organization  scheme  is  so  non- 
descript and  poorly  defined  as  the  legal  or.  patent  department. 
Many  corporations  do  not  maintain  a  legal  staff  either  for  cor- 
porate legal  work  or  for  the  preparation  of  patents,  pre- 
ferring to  become  clients  of  some  independent  legal  firm, 
or  firms,  as  patents  and  corporation  law  are  seldom  handled 
by  the  same  group  of  consultants.  However,  where  there 
is  an  active  research  department,  the  number  of  patents  usu- 
ally becomes  quite  great  and  even  small  companies  find  that 
it  often  pays  to  employ  a  permanent  patent  attorney.  It  is 
both  an  economv  and.  more  important,  a  convenience,  to 
have  some  one  easily  accessible  who  is  fully  conversant  with 
the  inventions  of  the  company.  Such  a  patent  attorney  in 
most  cases  handles  the  general  legal  business  of  the  com- 
])anv  too. — preparation  of  contracts.  ])rotection  of  the  com- 
panv  in  the  multitudinous  pitfalls  of  tax.  corporate  law, 
claims,  infringements,  libels,  protection  of  copyrights,  etc. 

Usually  such  departments,  when  organized  at  all.  are  or- 
ganized as  ])art  of  tlie  president's  ])ersonal  staff.  This  ar- 
rangement is  not  logical,  but  it  has  its  advantages.    It  is  not 
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logical,  as  probably  90%  of  the  work  of  such  legal  depart- 
ments is  with  patents,  and  therefore  such  a  department  ought 
to  be  part  of  the  research  division,  as  it  is  in  some  com- 
panies. Where  organized  under  the  president's  office,  most 
research  heads  do  not  object,  finding  direct  contact  with  the 
president  via  his  legal  counselor  advantageous. 

The  main  point  is  that  there  must  be,  in  any  productive 
research  organization,  the  closest  cooperation  between  patent 
counsel  and  research  executive,  since  the  work  of  the  depart- 
ments is  closely  interlocked  in  theory  and  can  be  even  more 
closely  interlocked  in  practice.  This  matter  will  be  taken  up 
in  detail  in  a  later  chapter. 


Chapter  IV 

THE   PRENATAL   FACTORS 
OF   INVENTION 


The  modern  research  laboratory  is  a  factory  for  turning 
out  ideas  on  a  mass  production  basis.  The  day  of  the  single 
inventor  has  passed.  Not  in  the  absolute  sense,  however. 
Probably  more  inventors  are  working  now  than  ever  before. 
Probably  more  money  is  made  and  lost  by  the  sale  of  inven- 
tions than  ever  before  in  history.  But,  relatively,  the  output 
of  the  private  inventor  is  too  sporadic  and  not  well  enough 
adapted  to  business  needs.  It  is  not  possible  to  depend  on  his 
inventions  for  the  great  mass  of  new  ideas  needed  to  keep 
ahead  of  ])rogress. 

I  illustrate  with  an  example  not  taken  from  private  indus- 
try but  from  one  of  the  greatest  American  industries  of  them 
all,  the  Ignited  States  Navy.  During  the  last  world  war, 
when  submarines  were  threatening  our  comnumications, 
over  100,000  inventions  i)ertaining  to  naval  warfare  were 
sent  to  the  Navy  Department.  About  ten  of  these  were  of 
some  importance  as  suggested  ideas,  but  e\en  these  were  in 
such  form  that  they  recpiired  a(la])tation  and  investigation 
before  they  could  be  used.  As  a  matter  of  fact  none.  1  think, 
was  ever  used  in  actual  war. 

The  great  majoritv  of  these  suggestions  were  of  the  "fool" 
kind,  but  there  were  hundreds  which  would  ha\e  worked  if 
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conditions  in  actual  warfare  were  as  the  inventor  supposed. 
The  trouble  was  that  the  inventors  of  these  hundreds  of  in- 
ventions didn't  know  the  conditions  which  must  be  met  by 
devices  used  in  naval  war.  Methods  which  would  detect  and 
locate  a  submerged  log  in  a  placid  Wisconsin  lake  are  (juite 
inapplicable  to  a  submarine  in  the  North  Sea.  I  have  seen 
instruments  proposed  for  detecting  submarines  which  em- 
ployed fine  galvanometers.  Such  instruments  would  be  abso- 
lutely useless  on  board  ship,  because  galvanometers  could  not 
be  read  on  a  rolling  ship. 

This  point  is  not  unique  with  inventions  suggested  to  the 
Navy.  General  Motors  is  deluged  with  inventions  applicable 
perhaps  to  1924  models,  but  totally  useless  for  a  1943  model 
car. 

This  lesson  of  the  relative  uselessness  of  inventions  made 
by  those  who  do  not  know  the  conditions  of  use  led  to  the 
foundation  of  the  Naval  Research  Laboratory  and  the  train- 
ing of  a  small  group  of  inventors  in  that  laboratory.  It  is 
safe  to  say  that  this  small  group,  in  spite  of  the  naive  organi- 
zation and  direction  of  that  laboratory,  has  done  more  to 
improve  naval  devices  in  the  few  fields  in  which  they  have 
been  allowed  to  work,  than  all  the  untrained  inventors  in  the 
country. 

To  produce  inventions  of  value  in  this  modern  time,  there 
must  be  available  to  the  inventor  a  background  of  knowledge 
of  need  and  conditions  met  in  the  industry  which  the  indi- 
vidual seldom  has  unless  he  is  associated  with  that  industry. 

For  example,  it  is  possible  that  the  research  organi- 
zation set  up  by  the  Government  in  this  war  to  improve 
naval  and  military  devices  may  not  be  too  successful  because 
it  depends  on  the  principle  of  keeping  research  groups  intact 
and  farming  out  problems  to  them  by  a  small  group  in  Wash- 
ington which  itself  has  not  had  too  much  naval  and  military 
experience. 
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Tlie  best  way  to  invent  useful  military  and  naval  devices 
would  he  to  bring  the  inventors  to  the  Naval  Research  Lab- 
oratory and  the  corps  laboratories  of  the  Army,  and  use 
them  as  reserve  officers  on  ships  and  in  the  field.  It  is  pos- 
sible that  Kettering's  National  Council  of  Inventors  without 
the  aid  of  University  Laboratories  may  turn  out  more  valua- 
ble inventions  in  a  month  than  the  heterogeneous  gnnips  will 
in  a  year.  This,  however,  is  aside  from  the  purpose  of  this 
chapter,  which  is  to  point  out  the  importance  of  correct  or- 
ganization for  research. 

But  before  the  correct  organization  of  industrial  research 
can  be  discussed,  it  is  necessary  to  understand  clearly  the 
various  steps  involved  in  the  conception,  embodiment,  de- 
velopment and  production  of  new  devices,  be  they  new  means 
of  detecting  airplanes  or  a  new  form  of  hairpin. 

Inventions  do  not  spring  up  perfect  and  ready  for  use. 
Their  conception  is  never  virginal  and  must  be  many  times 
repeated.  One  seldom  knows  who  the  real  father  is.  The 
period  of  gestation  is  long,  with  many  false  pains  and  strange 
forebirths.  The  number  of  abnormal  creatures  which  see 
the  light  of  day  is  ghastly.  Few  of  the  children  of  the  mind 
ever  survive,  and  those  only  after  many  operations  and  much 
plastic  surgery. 

Because  of  the  high  incidence  of  bastardy  among  inven- 
tions there  is  a  high  proportion  of  exceptions  to  all  state- 
ments which  can  be  made  about  the  birth  of  useful  ideas. 
Roughly  speaking,  the  process  of  the  develoj)ment  of  an  idea 
from  its  point  of  conception  to  its  use  in  production  is  as 
follows : 

New  ideas  do  not  arise  spontaneously,  but  almost  ex- 
clusively out  of  mental  conflict  between  two  sets  of  ideas. 
W  hat  vou  know  is  not  just  a  list  of  facts.  It  is  a  list  of  facts 
connected  bv  some  sort  of  a  mnemonic  scheme  which  may  be 
a  full-blown  theory  or  just  an  association  ])attern.    W  hen  a 
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new  fact  comes  in  we  attempt  to  fit  it  into  this  scheme.  If  it 
fits,  well  and  good;  we  forget  it.  If  not,  we  feel  uncom- 
fortable, like  the  robin  who  swallowed  a  string  in  place  of  a 
worm  and,  if  the  opportunity  arises,  we  try  to  do  something. 
Either  we  throw  the  fact  away,  which  is  a  natural  tendency, 
or  we  modify  our  scheme  so  that  the  fact  will  fit. 

It  is  out  of  this  enforced  modification  of  mental  patterns 
that  new  inventions  arise.  Suppose  you  have  a  monkey  in  a 
cage  and  you  put  a  banana  outside  the  bars.  He  will,  'if 
hungry,  reach  out  his  arm  and  get  it.  His  behavior  pattern 
includes  the  form,  "Stretched  arm  can  get  banana."  We 
now  put  the  banana  out  of  reach.  He  may,  if  he  is  hungry, 
try  in  vain  to  get  the  banana,  but  not  if  he  is  a  really  intelli- 
gent monkey.  If  he  is  an  intelligent  monkey,  he  will  shake 
the  bars  and  scream.  His  behavior  pattern  includes  the  form, 
"If  I  scream,  the  keeper  will  give  me  the  banana."  Su])pose 
now,  instead  of  doing  that,  the  keeper  puts  a  stick  into  the 
cage.  This  is  a  new  situation  which  the  monkey  has  not  met. 
He  must  do  something,  because  he  is  hungry.  He  picks  up 
the  stick  and  says  to  himself  (or  rather  acts  as  if  he  had 
said  to  himself),  "Ah,  a  longer  arm!"  and  with  the  stick 
reaches  out  and  pulls  in  the  banana. 

This  is  invention  at  its  best.  Let  us,  howe\er,  without 
depreciating  the  value  of  monkeys  as  inventors,  take  uj)  some 
cases  where  perhaps  even  less  intelligence  is  shown. 

In  the  first  World  War  it  was  discovered  that  the  (lerman 
airplane  engines  were  producing  more  jjower  i)er  pound  than 
the  American  and  British  engines.  This  was  a  situation 
where  need  for  action  was  evident  and  em])hatic,  therefore 
one  of  the  requirements  for  invention  was  present. — the 
need.  The  problem  was  then  turned  o\er  to  P)ritish  and 
American  engineers  to  find  out  why  the  ( ierman  engines  were 
better,  and  j)roduce  their  equal  or  superior.  1  do  not  know 
how  many   various   research   groui)S   were   involved   but,    I 
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dare  say,  nearly  every  one  proceeded  in  about  the  same  way. 
They  ac(|uired  sanii)les  of  tlie  conipetinj^  machines,  set  them 
up,  tested  them  on  the  test  block,  and  were  astonished  to  find 
on  test  that  the  entwine  with  American  i^asolinr  failed  to  })er- 
form  as  they  had  been  led  to  expect.  The}  did  not  produce 
greater  power  and  they  developed  what  was  then  known  as 
"spark  knock."  At  this  ])oint  the  en|^ineer-minded  aiitomo- 
bile  expert  sighed  with  disgust  and  said,  "To  hell  with  it. 
This  is  just  another  case  where  the  airplane  pilot  is  making 
an  alibi  for  his  poor  showing  in  cc^mbat  by  reporting  that 
his  enemy  has  a  better  machine." 

In  America,  where  the  engineers  working  on  this  i)roblem 
were  mostly  from  the  young  automobile  industry,  this  atti- 
tude was  particularly  understandable.  Most  of  them  had  had 
experience  with  automobile  salesmen  who  falsely  rei)orte(l 
that  they  had  a  better  product,  only  to  have  it  show  u[)  very 
badly  in  test. 

But  there  were  some  engineers  who  went  a  little  further. 
After  having  found  the  poor  performance  of  the  (ierman 
engine,  they  took  it  apart  and  compared  it  in  detail  with 
American  design.  It  was  then  immediately  e\  ident  why  the 
German  engine  was  poor.  It  had  a  much  higher  compression 
ratio  than  was  considered  good  practice.  That  is  why  it  had 
such  a  pronounced  spark  knock. 

At  this  point  they  sat  down  and  wrote  a  line  rei)ort  show- 
ing that  the  German  engine  was  inherently  of  poor  design, 
and  exactly  why. 

This  is  the  mental  situation.  The  ])oor  performance  of 
German  ciigines,  with  compression  ratios  of  six,  btted  exactly 
into  the  mental  pattern  of  the  engineer.  His  theory  being 
that  only  engines,  with  C()m])ression  ratios  of  less  than  four, 
could  be  safely  used  for  airplanes.  Inhere  fore  there  was  no 
incentive  for  imention.  hence  no  invention,  only  a  nice  con- 
clusive negative  report. 
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But  there  was  one  ^roiip  of  inxentors  that  had  a  different 
pattern  in  re^i;ard  to  en<^ine  knock.  Headed  by  C.  F.  Ketter- 
ing, they  had  met  "knock"  before  in  connection  with  the 
development  of  the  self-starter  for  automobiles.  At  that 
time  the  knock  was  supposed  to  ha\e  been  connected  with 
the  method  of  ignition,  with  compression,  and  with  the 
amount  of  carbon  present.  Their  experience  had  been  very 
])ainful.  When  the  self-starter  first  came  on  the  market  a 
few  years  before,  all  the  troubles  which  every  designer  had, 
due  to  knock,  he  had  blamed  on  the  self-starter.  Hence, 
Kettering  in  order  to  convince  customers  that  the  knock  in 
their  engine  was  not  affected  by  ignition  had  had  to  investi- 
gate "knock." 

Now,  Mr.  Kettering  does  not  ha\e  a  nice  orderly  mind 
that  knes  theory.  He  is  one  of  those  jjcople  who  ])avs  atten- 
tion to  anomalies  of  performance,  not  to  regularities.  Hence, 
he  isn't  a  scientist  at  all,  l)ut  he  had  noted  that  knock  was  a 
most  erratic  and  fugitixe  phenomena,  depending  on  a  great 
many  things;  not  on  carbon,  ignition,  or  compression  onlv. 

W  hen  he  found  that  the  engine  knocked,  and  still  was  re- 
ported satisfactory  in  the  German  plane,  he  was  willing  to 
consider  that  maybe  the  engine  might  work  under  (ierman 
conditions.  S(j  he  wrote  for  a  sani])le  of  (ierman  gasoline. 
When  it  came  he  found  that  with  the  ( ierman  gasoline  the 
engine  did  not  knock. 

Here  was  another  case  where  a  situation,  namelv,  that 
Clerman  gasoline  could  be  used  at  a  higher  compression  ratio 
than  American  gasoline,  had  to  be  fitted  into  his  mental  pat- 
tern.   So  the  (juestion  was  asked,  whv? 

The  answer  depended  on  his  mental  ])attern  and  on  that 
of  his  associates.  It  happened  that  neither  Kettering  nor 
Midgley  were  chemists,  so  the  bodv  of  theories  thev  had  in 
stock  was  very  inadequate  for  the  task.  A  chemist  would 
immediately  have  analyzed  the  gasoline,  and  in  time  would 
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have  fouiul  it  to  be  a  different  class  of  j^asoline  than  Ameri- 
can gasohne  in  that  it  contained  a  liij^hcr  proportion  of 
aromatics  and  less  straight-chain  liydrcjcarhons.  In  due  time, 
say  20  years  or  so,  this  would  have  led  to  a  solution  of  the 
problem  of  making  better  gasoline,  as  indeed  this  same  obser- 
vation has  done.  But  neither  "Boss  Ket."  nor  "Midg."  were 
chemists.  They  simply  looked  at  the  (lerman  gasoline  and 
saw  that  it  was  dark  brown  in  color.  Therefore,  it  occurred 
to  them  that  mayl)e  the  color  somehow  absorbed  the  ultra- 
violet light  from  the  sj)ark  and  thus  prevented  premature 
explosion,  which  they  thought  caused  knock.  The\-  had  thus 
hit  on  the  theory.  An  olnious  way  to  test  it  was  to  send  for 
a  dye  which  would  color  American  gasoline.  So  they  sent 
to  the  stockkeei)er  and  asked,  "Have  you  a  dye  soluble  in 
gasoline?"  The  stockkeeper  didn't  have  such  a  dye.  Being 
imbued  with  the  stockroom  keeper's  instinct,  xMr.  Chase  asked 
if  something  else  wouldn't  do.  "What  have  you  got  that  will 
dissolve  in  gasoline  and  color  it?"  Iodine  was  the  only  thing 
Chase  could  think  of.  So  they  took  iodine,  and  it  worked!! 
The  American  gasoline  with  iodine  in  it  didn't  knock  in  the 
German  engine.  By  this  time  Kettering  and  Midgley  were 
feeling  very  proud  of  themselves.  They  had  invented  a 
theory  for  knock  and  proven  it  all  in  one  afternoon,  namely, 
that  knock  was  due  to  ultra-violet  radiation.  The  trouble  is 
that  just  then  the  messenger  sent  downtown  after  a  soluble 
dye  came  back  with  several  such  dyes,  which  were  tried,  and 
not  one  of  them  worked ! !  The  discovery  of  iodine  was  just 
a  lucky  accident,  and  the  color  of  gasoline  had  nothing  to 
do  with  its  knocking.  The  red  color  of  ethyl  gasoline  is  a 
means  of  identification,  and  has  nothing  to  do  with  anti- 
knock pro])erties. 

Now  there  was  nothing  that  could  stop  the  eventual  dis- 
coverv  of  anti-knock  agents,  b.ven  if  the  theory  they  origi- 
nallv  had  was  wrong,  it  had  led.  ])\  the  luckv  accident  of  the 
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use  of  iodine  to  one  very  potent  fact,  that  the  addition  of 
small  quantities  of  something  to  gasoline  could  stop  the  knock 
in  the  engine.  The  rest  of  the  task  was  simply  to  find  a  more 
suitable  material  than  iodine.    Iodine  would  ruin  the  engine. 

Now  if  either  Kettering  or  Midgley  had  been  organic 
chemists,  no  doubt  they  would  have  followed  the  path  of 
analysis  again  and  eventually  wasted  a  long  time  trying  to 
find  out  what  in  the  Cierman  gas  was  responsible  for  the 
prevention  of  the  knock.  Not  knowing  organic  chemistry, 
they  elected  to  try,  still  further,  the  Edisonian  method,  try 
every  bottle  on  the  shelf.  Soon  they  found  that  selenium 
oxychloride  would  stop  the  knock  very  effectively  as  would 
tellurium  compounds.  But  again  it  was  unsuitable  for  prac- 
tical use  because  of  the  horrible  odor  of  the  engine  exhaust. 
At  this  point  the  supply  of  bottles  on  the  shelf  ran  out,  and 
they  were  faced  with  the  necessity  of  building,  in  the  labora- 
tory, new  compounds  to  test.  Again  we  have  the  requirement 
for  doing  something  about  it  which  is  one  of  the  three  ele- 
ments of  invention. 

They  then  reviewed  the  situation  (the  second  element). 
Iodine  had  worked.  Tellurium  and  selenium  had  worked  in 
several  combinations.  Every  other  element  they  had  used 
had  failed.  Now  what  did  their  background  of  experience 
suggest?  Again  they  called  on  their  primitive  knowledge  of 
chemistry  and  got  out  the  periodic  tal)le  of  elements  to  see 
what  was  conmion  to  iodine,  selenium  and  tellurium.  It  was 
(|uickly  e\idcnt  they  belonged  in  the  lower  right  hand  corner 
of  that  table.  They  then  decided  to  test  the  remaining  ele- 
ments in  that  section  of  the  table,  lead  and  bismuth.  At  this 
point  the  purely  mental  phase  of  invention  was  done.  The 
actual  test  of  various  soluble  lead  compounds,  including 
tetraethyl  lead,  was  just  detail.  So  was  born  ethyl  gasoline, 
and  so  are  born  all  industrial  inventions — need  plus  situation, 
plus  idea  or  theory. 
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Let  us  consider  another  case  cliosen  l)ecause  it  represents  a 
different  ratio  of  the  three  components — the  discovery  by 
Langniuir  of  the  process  of  hydrogen  welding.  'I'his  is  a 
case  where  the  invention  sprang  from  what  is  called  "pure" 
research.  Langmuir  was  hired  by  (ieneral  l-.lectric  primarily 
because  the  tungsten  lamp,  satisfactory  as  it  was.  tended  in 
course  of  time  to  ha\e  the  same  trouble  as  the  old  carl)on 
lamp,  i.e  lose  brilliancy  because  the  inside  of  the  globe  be- 
came coated  with  a  black  deposit.  Ivecognizing  Dr.  Lang- 
muir's  particular  talents  (which  is  the  essence  of  manage- 
ment). Dr.  Whitney  gave  Langmuir  unusual  freedom  in  the 
choice  of  method.  This  was  inevitable,  as  the  i)roi)lem  was 
one  which  seems  very  clear  cut,  yet  had  yielded  no  results 
in  the  hands  of  other  workers.  Perhaps  he,  with  a  ])oint  of 
view  different  from  others  in  the  organization,  would  have 
a  different  approach  if  left  alone  and  not  tied  down  too  much. 

Dr.  Langmuir  has  written  an  account  of  the  devious  path 
taken  in  the  partial  solution  of  the  problem  of  blackening, 
but  it  would  take  too  long  to  give  the  details  here.  We  are 
concerned  with  an  invention  made  incidental  to  the  main  pur- 
port of  Dr.  Langmuir's  research ;  an  invention  to  which  he 
gives  only  a  few  lines  in  his  account.  This  was  the  discovery 
of  the  hydrogen  welding  torch. 

We  give  this  example  because  it  was  a  discovery  which 
did  not  arise  out  of  any  conscious  demand  for  a  l)etter  weld- 
ing torch  or  out  of  any  special  interest  of  Dr.  Langmuir 
in  welding;  a  tield  to  which,  as  far  as  I  know,  he  has  never 
contributed  anything  before  or  since. 

The  in\ention  came  in  this  way.  In  connection  with  his 
investigation  of  the  blackening  of  tungsten  lamjjs,  Lang- 
muir was  systematically  studying  the  effect  of  small  (juanti- 
ties  of  different  gases  in  the  lamp  bulb.  This  was  partly  be- 
cause it  was  realized  that  perhaps  traces  of  these  gases  might 
be  mainly  responsible  for  the  blackening  of  the  bulb  and  for 
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other  effects  on  lamp  life  which  Langmuir  was  beginning  to 
understand. 

Among  the  gases  studied  was  hydrogen.  Hydrogen,  when 
introduced  in  traces  in  a  lamp,  behaved  peculiarly.  Other 
gases  such  as  nitrogen  and  argon  would  conduct  heat  from 
the  filaments  to  the  walls  of  the  lamp  in  a  f[uite  regular  man- 
ner, according  to  theory.  Hydrogen  carried  heat  from  the 
filament  like  other  gases  at  low  temperatures,  Init  at  high 
temperatures,  it  carried  much  more  than  was  expected.  At 
the  same  time  a  definite  amount  of  hydrogen  disappeared 
from  the  bulb  and  was  absorbed  on  the  glass  walls.  This 
suggested  to  Langmuir  that  something  was  happening  to 
the  hydrogen  at  the  high  lamp  temperatures ;  something  that 
absorbed  lots  of  heat  and  changed  the  hydrogen  so  that  it 
would  stick  on  the  cold  wall  of  the  bulb.  He  then  remem- 
bered that  R.  W.  Wood  of  Johns  Hopkins  University  had 
found  that,  under  certain  other  conditions,  hydrogen  dis- 
sociated, and  formed  a  new  gas,  monatomic  hydrogen.  Like 
most  chemical  processes  of  dissociation,  this  process  ab- 
sorbed heat  which  accounted  for  the  large  heat  loss  of  the 
lamp  filament  when  heated  in  hydrogen. 

Even  here,  there  was  no  suggestion  for  invention,  be- 
cause though  there  was  a  new  fact,  there  was  no  conflict. 
The  fact  fitted  nicely  in  Dr.  Langmuir's  background  and  a 
nicely  fitting  fact  is  an  anesthetic  to  mental  effort.  But,  Dr. 
Langmuir  did  have  one  incentive  for  action.  He  was  still 
trying  to  understand  exactly  what  went  on  in  the  lamp  in 
the  presence  of  a  gas,  and  to  do  that  it  was  necessary  to 
translate  his  guess,  that  hydrogen  dissociated  on  the  tungsten 
filament,  in  terms  of  numbers.  No  fact  is  worth  much  unless 
it  can  be  expressed  accurately.  So,  purely  to  check  his  hunch, 
Dr.  Langmuir  calculated  from  his  experiments  the  heat  of 
dissociation  of  hydrogen  and  found  it  to  be  about  90,000 
calories.   This  was  about  the  value  that  others  had  estimated 
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about  this  same  time,  but  somewhere  in  Dr.  Langmuir's 
mind  the  fact  struck  "pay  dirt,"  as  it  had  not  done  in  the 
minds  of  others.  The  reason  was  that  Dr.  Langmuir  had 
learned,  in  lal)oratory  conferences  and  by  his  own  experi- 
ences, that  there  was  difficulty  in  brazing  tungsten  with  pure 
copper.  It  occurred  to  him  that  if  hydrogen  could  dissociate 
in  the  electric  discharge  as  Wood  had  found  and  if  it  could 
dissociate  by  heat  as  he  had  found,  it  ought  to  dissociate  in 
a  welding  arc.  Then  outside  the  arc  it  should  recombine, 
giving  off  this  enormous  quantity  of  heat  which  could  be  used 
for  welding  metals  in  the  absence  of  oxygen.  It  probably 
didn't  take  an  hour  to  test  this.  Thus  was  born  the  method 
of  hydrogen  welding. 

Wood  and  the  spectroscopists  who  also  knew  that  the  re- 
combination of  hydrogen  gave  out  heat,  had  the  same  facts 
as  Langmuir.  They  didn't  have,  in  addition,  the  facts  which 
made  them  see  any  commercial  need  or  use. 

The  best  proof  that  invention  springs  out  of  a  conflict 
between  an  external  fact  and  an  internal  fact  comes  from 
inventions  which  were  not  made  even  though  the  observer  had 
most  of  the  elements.  Such  failures  to  see  an  invention  are 
seldom  published  for  obvious  reasons.  I,  thus,  am  compelled 
to  take  cases  from  my  own  experience,  of  which  I  am  not 
very  proud.  Back  in  1912-13,  Sir  William  Ramsey,  the  dis- 
coverer of  argon,  neon,  krypton  and  xenon,  lectured  before 
the  Lowell  Institute  of  Boston.  I  helped  in  the  preparation 
of  the  experimental  demonstrations  for  these  lectures.  Sir 
William,  a  brilliant  lecturer,  gave  three  or  four  lectures  tell- 
ing of  his  discovery  of  these  inert  and  very  inactive  gases, 
illustrating  with  experiments.  He  told  of  naming  these  gases 
neon,  which  means  new,  argon,  which  means  lazy,  krypton, 
which  means  hidden,  and  xenon,  which  means  strange.  He 
told  of  his  attempts  to  make  these  gases  combine  with  other 
substances  and  very  vividly  pointed  out  that  because  they 
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were  so  inert  and  reluctant  to  comljine,  they  were  useless 
scientific  curiosities.  Then  he  said  in  his  last  lecture,  "Some 
of  you  will  ask  how  we  can  be  sure  that  these  gases  are 
really  pure  substances;  not  just  mixtures.  1  will  show  you." 
He  showed  a  series  of  glass  tubes  set  up  so  that  an  electrical 
charge  could  be  passed  through  them.  "All  pure  substances," 
he  said,  "are  characterized  by  the  fact  that  they  give  out, 
under  an  electrical  discharge,  their  own  special  kind  of 
light."  He  turned  on  the  current.  The  five  tubes  lighted 
U])  with  a  pale  glow  of  a  distinctly  different  color.  "Under 
different  conditions  of  discharge,"  he  said,  "these  colors  cain 
be  intensified."  He  then  switched  a  condenser  in  the  line, 
and  the  tube  containing  neon  Hashed  up  a  brilliant  orange 
red  light.  It  was  \ery  striking.  We  all  applauded  and  went 
home.  Not  one  of  the  five  hundred  or  so  who  heard  the 
lecture  realized  that  wc  had  seen  the  first  Neon  sign.  It  was 
only  some  years  later  that  Claude,  seeing  exactly  the  same 
experiment,  realized  its  commercial  importance.  Why?  Re- 
cause,  Claude  was  engaged  in  the  purification  of  li(|uid  air 
from  which  argon,  neon.  etc.  are  waste  by-products.  He  was 
looking,  therefore,  for  a  use  for  them,  so  as  to  cheapen  his 
process.  If  anyone  looked  at  a  Cieissler  tube,  containing  neon, 
from  the  point  of  view  of  fitting  a  use  for  the  gases,  he 
could  not  miss  thinking  what  a  beautiful  advertising  sign 
these  tul)es  would  make. 

Another  case:  I  was  once  engaged  in  looking  for  a  liquid 
which  could  be  used  to  dry  air.  I  had  studied  physical  chem- 
istry and  knew  the  principles  of  air  conditioning,  so  it  did 
not  take  more  than  the  reference  to  a  table  of  \apor  j)res- 
sures  to  suggest  that  a  strong  solution  of  lithium  chloride 
might  be  useful,  as  it  turned  out  to  be.  I  was  then  working 
for  the  Frigidaire  Corporation  and  through  them  I  applied 
for  a  patent.  In  this  patent  we  claimed  the  use  of  lithium 
salt  solutions  as  drying  agents  for  air.    It  was  only  some 
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years  later,  after  I  had  heconic  more  familiar  witli  absorp- 
tion refri<^eratioii,  tliat  it  occun-cd  to  me  tliat  lithium  chloride 
could  also  he  used  to  ahsorh  water  when  there  wasn't  an\' 
air,  thus  produciui^'  refriii^eration.  I  had  the  facts  aj^ain,  hut 
not  the  experience  into  which  it  was  necessary  to  fit  them. 
This  lapse  prevented  Frii^ndaire  from  i^^ettin.i,^  a  broad  ])atent 
on  the  use  of  lithium  salts,  which  would  ha\e  ,i;eneral]\-  jjro- 
tected  what  is  now  one  of  the  most  important  ap])lications 
of  these  salts. 

Invention,  thus,  is  not  an  esoteric  art.  ])racticed  bv  a  t^enius 
in  some  attic  on  somebody's  cookstove — at  least,  not  usually. 
Under  modern  conditions,  it  is  a  ])rocess  of  production, 
which  is  just  about  as  controllable  as  any  other  production 
process  of  this  machine  a<;e.  (li\e  a  man  a  background  of 
diverse  education  and  experience,  which  has  been  well  di- 
gested so  as  to  form  a  satisf)in^".  well  organized  ])icture.  and 
give  a  certain  |)ractice  and  facility  such  as  is  obtained  in  uni- 
versity laboratories.  Ihen  i;i\e  him  certain  new  facts  or 
needs,  which  do  not  fit  into  his  mental  ])icture  recipe  and 
require  him  to  do  something-  about  it.  With  tliis.  in\entions 
just  pop  out  with  regularity  and  astounding  fecundity.  They 
can't  help  it.  The  mind  is  like  an  am()el)a;  if  confronted 
with  a  foreign  bodv,  it  must  Ihul  a  way  to  digest  it,  go 
around  it,  or  it  must  die. 


Chapter  V 

THE   POSTNATAL   FACTORS 
OF   INVENTION 


So  MLcii  for  tlie  ])r()cess  of  invention  as  a  mental  act.  But. 
this  is  not  all  there  is  to  the  process  of  invention  in  the  prac- 
tical sense.  After  the  conception  of  an  idea  in  the  "womb"  of 
a  fertile  mind,  must  come  a  long  and  painful  process  of  gesta- 
tion which,  in  more- cases  than  not,  is  fatal  to  the  foetal 
idea  and  sometimes  to  the  parent. 

Disregarding  the  fre(|uent  miscarriages,  the  dexelopment 
of  an  idea  into  a  useful  process  or  machine  follows  a  rather 
well  defined  course.  Having  conceived,  the  first  thing  the 
wise  inventor  does  is  to  record  that  fact,  giving  in  full  detail 
the  parentage  and  ha\  ing  e\erything  properly  witnessed. 
This  apparently  ol)\ious  piece  of  routine  is.  in  an  astonish- 
ingly large  number  of  cases  neglected  with  the  result  that 
having  had  all  of  the  pain  and  expense  in  bringing  birth  to 
a  new  device,  the  inventor  too  often  finds  himself  deprived 
of  his  mental  child,  j)erhaps  even  before  it  is  publicly  born. 

It  used  to  be  thought  that  the  best  way  to  protect  mental 
offspring  during  the  period  of  gestation,  was  to  keep  the 
approaching  birth  secret.  This  presuiuably  was  on  the  theory 
that  the  idea  in  its  foetal  stage  might  be  stolen.  It  is  now 
realized  in  all  except  the  most  backward  companies  that 
though  a  moderate  amount  of  discretion  may  be  advisable 
during  the  gestation  period,  it  is  of  vital  importance  for  the 
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unburn  nk'ntal  cliild  to  disclose  its  existence  not  only  to 
those  witliin  the  organization,  but  also,  under  j^aiarded  con- 
ditions, to  others  not  directly  connected  with  the  orj^^aniza- 
tion.  I'nder  the  present  patent  laws,  such  disclosure  is  a 
\ital  step  in  proof  of  in\ention. 

The  real  dani^^er  of  loss  of  an  in\ention  to  someone  else, 
it  is  coniin,!4  to  be  realized,  is  not  theft  of  idea,  but  due  to 
the  fact  that  in  an  astonishingly  large  proportion  of  cases 
the  same  idea  is  conceived  in  difYerent  laboratories  at  the 
same  time.  Many  important  i)atents  have  to  fight  ten  or 
even  fifty  interferences  among  inxentors  of  the  same  idea, 
who  have  filed  patents  usually  within  a  year  of  the  earliest 
or  senior  party. 

This  is  not  due  to  some  sort  of  mysterious  thought  trans- 
ference between  in\entors.  It  is  simply  because  inventions 
under  modern  conditions  arise  through  needs,  and  as  needs 
arise  all  through  a  given  industry  at  about  the  same  time,  and 
as  the  invention  to  fill  a  need  is  usually  more  or  less  evi- 
dent once  the  need  is  defined,  it  is  not  a  matter  of  accident 
that  the  same  idea  will  arise  simultaneously  in  various  places. 
The  only  way  for  the  earliest  of  these  inventors  to  protect 
his  idea  is  to  keep  careful  records  and  disclose  his  inventions 
to  others  as  early  and  as  fully  as  possible. 

Having  thus  put  his  invention  in  written  form  and  dis- 
closed it  to  others,  even  though  it  be  only  a  very  crude  and 
not  fully  formulated  hunch,  the  next  step  is  to  stop  and  con- 
sider; to  take  time  to  think  the  thing  over  and  to  learn  all 
that  there  is  to  be  learned  about  it;  what  others  have  done 
in  this  field  and  to  discoxer  tlie  laws  and  limitations  of  the 
j)rf)]K)se(l  process. 

In  this  stage,  in  well  organized  laboratories,  the  iinentor 
calls  for  the  hel])  of  the  patent  department,  the  search  staff  of 
the  scientific  librarv.  the  consultants  and  anyone  else  he  can 
get  to  make  suggestions.    Now  is  the  time  to  look  at  the 


Industrial  Research  49 

idea  from  all  angles,  in  order  that  the  idea  be  formulated  as 
broadly  as  possible  for  the  sake  of  broad  patent  protection. 
Now  is  the  time  to  formulate  the  limitation  of  the  idea.  Now 
is  the  time  to  plan  the  proo^ram  for  further  investigation  and 
now  is  the  time  to  kill  ofif  those  aberrant  and  truant  ideas 
which  seem,  even  to  the  parent,  impractical  or  useless.  It  is 
the  parent  himself  who  should  practice  infanticide  at  this 
stage.    Others  will  have  the  opportunity  later. 

It  should  be  realized  that  research  is  an  expensive  process, 
because  highly  paid  men  are  the  laborers  in  the  early  stages 
of  development  of  an  idea.  Economy  of  time  is  as  important 
in  research  as  anywhere.  But,  on  the  other  hand,  a  few  hours 
work  at  this  time  may  bring  very  large  returns  and  in  this 
early  stage,  only  the  inventor  himself  has  a  ghost  of  a  chance 
of  judging  the  value  of  the  time. 

Now  having  studied  the  possibilities  of  the  invention  as 
far  as  can  be  done  by  pure  study  or  sim])le  laboratory  work 
done  by  the  inventor  himself,  the  next  step  in  orderly  prog- 
ress is  the  dreaded  step  in  every  inventors  life  :  getting  execu- 
tive approval  for  further  development  work. 

So  far,  the  nurture  of  the  idea  has  been  entirely  under  the 
control  of  the  inxentor.  Now  time  and  monev  must  be  spent, 
other  than  the  inventor's  own  time  and  that  of  the  library 
and  patent  staff.  The  baby's  future  must  be  ])assed  upon  by 
the  inventor's  superiors  and  a  preliminary  decision  made 
as  to  whether  or  not  to  keep  the  infant  alive  or  let  it  perish 
stillborn.  In  wisely  organized  companies,  this  decision  will 
never  be  made  in  private,  by  a  companv  official  or  committee. 
It  will  always  be  made  in  cooperation  with  the  inventor,  giv- 
ing, as  is  unfortunately  not  always  the  case,  every  considera- 
tion possible  to  the  inventor's  desires  in  the  matter,  for 
there  is  usually  far  greater  danger  in  killing  a  man's  pet  idea 
too  soon  than  there  is  of  letting  it  go  on  just  a  little  further. 

In  some  cases,  however,  especially  in  a  small  company,  it 
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is  necessary  to  ])ass  on  a  proposed  proMeni  rC"(|uirin<j^  time 
and  money  very  early.  I)ecause  with  their  hmited  staffs  and 
research  appropriations,  it  is  necessary  to  keep  very  close, 
in  all  projects,  to  the  reality  of  the  company's  business  j)olicy. 
In  a  company  manufacturinjj^  adhesives.  it  might  not  he  ad- 
visable to  work  on  a  new  detergent,  even  if  it  were  a  natural 
outgrowth  of  the  laboratory's  })revioiis  work  and  e\en  though 
it  were  of  itself  valuable,  not  because  of  the  development 
cost  but  principally  because  the  company  is  not  in  a  capital 
and  market  position  to  undertake  this  foreign  activity. 

This  is  a  very  unfortunate  fact,  for  it  is  rather  surpris- 
ingly frequent  that  in  small  specialty  companies  many  a 
valuable  idea  must  be  killed  which  in  larger  com])anies  would 
prove  of  real  economic  value.  There  is  nothing  that  can  be 
done  about  it.  unless  in  si)ecial,  very  rare  cases,  it  is  possible 
to  sell  the  raw  idea  to  one  of  the  larger  companies.  How- 
ever, few  companies  have  the  connections  or  the  courage  to 
do  this. 

Suppose  now.  by  great  good  fortune,  the  new  born  infant 
idea  is  granted  a  lease  of  life.  Human  infants  are  usually 
allowed  a  period  of  rather  careful  nurture  before  they  are 
exposed  to  the  rigors  of  the  outer  world.  Xot  so  the  infant 
idea.  It  must  fight  for  itself,  from  the  moment  of  birth,  for 
the  usual  attitude  of  those  who  assisted  at  its  birth  is.  "Oh 
well,  it's  a  poor  thing  and  probably  won't  amount  to  much, 
but  let's  let  it  live  for  a  couple  of  months  or  so  out  of  kind- 
ness to  Tom  or  Rill,  whoever  the  parent  was."  So  the  new 
babv  is  granted  fixe  hundred  dollars  and  two  months  time 
to  prove  it.self.  As  a  result,  the  first  steps  in  experiment  with 
the  new  idea  are  usually  limited  to  the  construction  of  a  very 
crude  working  model  or  to  very  simple  tests. 

There  are  reasons  whv  this  should  be  so,  besides  the  over 
])enuriousness  of  budget  authorities.  In  the  development  of 
new  fle\ices  or  new  processes,  it  is  much  easier  to  get  further 


Industrial  Research  51 

support  for  a  device  for  which  a  working  model  exists.  Then 
too,  our  patent  law  is  so  drawn  that  the  real  date  on  which 
the  patent  office  and  court  rely  for  establishing  the 'owner- 
ship of  an  invention,  is  the  date  of  reduction  to  practice,  i.e. 
the  date  of  construction  of  a  model  that  worked.  This  isn't 
exactly  true  in  theory,  but  in  the  practice  of  law  it  is  very 
nearly  true. 

The  inventor,  let  us  now  suppose,  has  spent  his  original 
allotment  and  possibly  one  or  more  extensions  and  has 
produced  a  working  model.  Now,  in  proper  organizations, 
comes  the  decision  that  really  counts.  The  device  is  made 
the  subject  of  a  report  summarizing  as  fully  as  possible 
what  is  known  of  the  device,  its  limitations  and  its  poten- 
tialities, as  far  as  the  original  inventor  is  able  to  see  them. 

This  report  goes  to  the  division  chief,  or  perhaps,  even 
higher,  if  the  device  is  of  unusual  importance.  With  this 
report  goes  a  carefully  formulated  plan  for  the  next  steps. 

Here  is  where  the  infant  first  finds  the  going  tough.  For 
here  is  the  time  at  which  a  death  sentence  should  be  pro- 
nounced, if  it  is  justified,  on  the  basis  of  evidence  then  at 
hand. 

Again  I  give  a  personal  experience,  because  few  would 
like  matters  of  this  sort  to  be  published.  I  had  at  one  time 
invented  a  household  boiler,  rather  an  odd  boiler,  ])ut  still 
a  boiler  capable  of  heating  a  house  in  winter  and  cooling  it 
in  summer.  1  had  built  a  very  simple  form  of  this  device. 
I  thought  it  a  good  idea  (I  still  do  for  that  matter),  so  I 
submitted  this  to  the  small  company  by  which  I  was  employed 
and  disclosed  it  to  them.  The  company  was  at  that  time  en- 
gaged in  marketing  another  air  conditioning  device,  so  it 
was  a  natural  thing  for  them  to  develop  mine.  I  was  not 
present  at  the  discussion  of  this  device,  as  I  should  ha\  e  been, 
hence  I  do  not  know  the  reasons  why  it  was  turned  down, 
which  I  suspect  may  have  been  diti'erent  from  those  set  down 
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here,  l^ut  it  slioukl  have  been  turned  down  because  it  was 
a  device  which  would  cost  a  ^reat  deal  to  develop— ruiore  than 
the  company  could  afford.  It  would  be  unwise  ior  the  coni- 
l)any  just  l;e5.,Mnnin_ij^  in  the  air  conditioninj^  business  to  start 
another  attack  on  the  field,  until  the  tir^t  had  bfi^un  to  pay 
its  way. 

;\ny  j)ractice(l  inxentor  or  research  director  could  gi\e  case 
after  case  showin<(  (a)  the  importance  of  stopi)in<(  unfruit- 
ful or  useless  research  projects  as  soon  as  possible,  and  (  b ) 
the  mistake  made  of  stopping  an  invention  too  soon.  It  is 
at  this  company  conference,  which  decides  whether  to  go 
on  with  a  project  or  droj)  it,  that  the  success  or  failure  of 
research  organization  and  direction  shows  itself.  Almost 
any  research  laboratory  will  produce  vastly  more  inventions 
than  it  can  ])ossibly  develop.  Invariably,  the  important  ques- 
tion is  which  ones  to  drop. 

We  have  now  weeded  out  probably  95%  of  the  inxentions 
which  come  to  the  research  directors'  attention.  Let  us  sup- 
pose the  present  invention  belongs  to  the  elite.  From  now 
on  the  going  is,  as  should  be,  easier. 

The  invention  now  being  reduced  to  practice,  in  many 
cases,  is  in  shape  for  starting  the  formal  legal  procedure 
preliminary  to  filing  a  patent.  This  procedure  includes  formal 
search,  and  formulation  of  specifications  and  claims.  It  is 
often  wise  to  do  this  even  if  it  is  known  that  the  ajjpHcation 
may  never  be  filed  on  the  invention  as  it  then  stands.  This 
is  advisable,  if  for  no  other  reason  than  the  instruction  of 
the  inventor  who,  as  any  patent  attornev  will  tell  you,  sel- 
dom knows  enough  about  what  he  has  invented!  That  is  to 
say,  he  knows  not  what  is  an  essential  element  of  novelty 
and  value  which  is  ])atentably  distinguishable  from  what 
has  been  done  before. 

It  seems  foolish  to  sav  that  the  inxentor  doesn't  often 
know  what  he  has  invented  but  consider  again  the  in\ention 
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of  lithium  chloride  for  drvino;'  air.  That  is  what  1  tli()Ui,dit 
I  had  invented,  and  that  is  what  I  was  able  to  i)ersuade  the 
patent  attorney  and  the  i)atent  office  that  1  had  in\cnted. 
What  I  had  really  inxented  was  an  absorbent  for  water  \  ajxjr. 
Of  course,  1  should  have  known  that.  If  anyone  had  asked 
me  even  then  I  would  have  aj^'reed,  but  no  one  did,  so  we 
lost  about  half  the  value  of  an  mvention. 

But  the  importance  of  this  next  step  in  de\elopment  after 
formal  reduction  to  practice  is  not  this  legal  j)hase.  It  is  in 
the  research,  which  in  almost  every  case  follows  first  reduc- 
tion to  practice.  The  word  research  here  is  for  the  first  time 
used  in  its  limited  but  exact  sense. 

Some  might  suppose  that  having  built  a  model  of  a  device 
that  works,  that  that  would  be  all  there  is  to  it.  Most  books 
on  invention  rather  foster  that  delusion.  Of  course  it  is 
sometimes  true  after  you  have  invented  a  hairpin  and  made 
one.  That  is  all  there  is  to  it,  except  make  more  just  like 
the  first  one,  and  sell  them. 

I  understand  this  was  the  case  with  the  first  hairpin,  but 
even  here  I  have  my  doubts.  In  the  usual  case  the  first  work- 
ing model  is  only  the  beginning  of  the  inxention.  There  are 
several  reasons  for  this,  lu'en  if  the  first  model  is  perfect, 
which  it  never  is,  it  is  always  conceixable  (in  engineering  if 
not  in  grammar)  that  there  luight  ])e  a  better  one  possible. 

Hence,  after  invention  nuist  come  a  whole  series  of  labora- 
tory investigations,  studies  of  the  effect  of  variation  of  ma- 
terial and  design  on  the  ])roduct.  This  inxohes  tests  on  the 
completed  model  and  also  a  test  on  every  part,  or  if  it  is  a 
jjrocess,  every  step  separately.  The  variations  studied  are 
materials,  conditions  of  manufacture,  and  design.  The  ])ur- 
pose  is  to  learn  enough  about  the  baby,  so  that  its  design 
can  be  improxed  and  the  defects  removed  so  that  u])ki'e]) 
can  be  lowered  and,  most  of  all.  so  that  the  cost  of  repro- 
duction can  be  reduced. 
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111  short,  the  stai(e  in  development  which  conies  after  tlie 
first  snccessful  model,  is  characterized  bv  a  laboratory  search 
for  information  wliich  the  roearch  J^^ron])  needs  to  recom- 
mend a  hnal  desis^ni,  and  which  the  production  j^rouj)  needs 
to  turn  that  research  desis^n  into  a  desij^ni  that  can  be  manu- 
factured in  a  factory  at  a  low  cost. 

In  a  sense,  the  "re"  in  research  is  justified.  Research  in 
the  strict  sense  in  which  it  is  used  in  academic  laboratories, 
and  as  it  is  practiced  in  this  phase  of  invention,  is  simj)ly 
taking"  over  again  in  an  accurate  and  controlled  manner  the 
mental  steps — hunches  though  they  have  been,  which  the 
inventor  took  in  his  first  rough  design.  1  here  ma\'  be  oc- 
casions where  search  is  necessary  at  this  stage  of  develop- 
ment, but  more  usually  the  real  activity  is  precise  formula- 
tion in  accurate  experimental  terms,  of  that  which  has  been 
formulated  as  a  hunch  or  hypothesis. 

Dr.  Langmuir  was  doing  research  when  he  reinvestigated 
the  loss  of  heat  of  the  tungsten  filament,  in  order  to  verify 
his  hunch  that  the  excess  loss  at  high  temperature  was  due 
to  dissociation.  It  was  research  because  he  had  already  ob- 
served the  phenomenon  he  was  to  study  anew,  and  because 
it  was  done  to  verify  a  hypothesis.  It  is  also  research  to  (Hs- 
cover  that  the  ratio  of  the  valve  clearance,  in  a  com])ressor 
using  dichlorodiHuoromethane,  must  be  three  times  that  of 
an  ammonia  compressor.  It  was  research  not  l)ecause  exj)eri- 
ment  was  unnecessary,  but  because  it  was  done  only  after 
tests  had  shown  that  there  was  something  wrong,  and  after 
an  hypothesis  had  been  made  that  the  failure  of  the  machines 
to  ])erform  was  due  to  \alue  restriction  and  was  not  due  to 
any  one  of  a  million  other  things. 

Hence,  research,  in  the  correct  sense,  is  an  imestigation, 
undertaken  by  plan,  for  the  sake  of  \erification  of  an  hunch 
or  theory.  Even  this  is  not  all  of  the  process  between  idea 
and  something  to  sell. 
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At  tliis  stage,  research  having  been  completed,  tliat  is, 
after  the  research  laboratory  has  completed  its  investigation 
and  knows  how  the  new  device  works,  what  it  will  do,  how 
to  make  it,  what  materials  to  use,  and  how  much  it  will  cost, 
the  next  step  is  to  get  the  comj)any  to  manufacture  it.  Again 
this  would  seem  to  be  an  unnecessary  step.  If  the  thing  is 
good,  works,  can  be  built  for  a  price,  and  has  advantages 
over  other  gadgets  on  the  market,  of  course,  all  the  labora- 
tory director  has  to  do  is  to  call  in  a  conference  of  the  chief 
engineer,  the  j)roduction  manager,  and  the  vice  president  in 
charge  of  sales,  and  say  "Here  it  is  gentlemen.  It's  yours, 
go  ahead  and  make  it." 

Once   I    though   so   too   but.   unfortunately,    I've   learned 

tter.  Most  research  directors  that  I  have  seen  are  rather 
mild-mdnnered  men  not  given  either  to  profanity  or  strong- 
drink.  But  it  can  be  guaranteed  that  this  is  one  subject,  the 
mention  of  which  will  bring  a  strong  reaction  from  any  of 
them. 

Dr.  Kettering  put  it  very  mildly  when  he  said  in  a  recent 
book — 

"The  greatest  durability  contest  in  the  world  is  get- 
ting a  new  idea  into  any  factory.  It  is  well  if  the  man- 
agement understands  this  and  will  constitute  itself  the 
sales  department  for  the  research  organization.  ( )ther- 
wise,  the  hard-boiled  men  in  the  factory  will  jmt  re- 
search men  out  of  business  in  a  fortnight.  I'he  most 
pitiable  thing  in  the  world  is  a  man  who  does  not  know 
how  terrible  factory  organizations  are.  Putting"  a  re- 
search man  up  against  it  is  like  throwing  Daniel  to  the 
lions  when  they  are  all  hungry.  The  research  man  after 
finding  his  problem  starts  to  gather  up  the  information, 
i)y  and  by  he  will  report:  'this  is  what  1  have  found  out 
about  the  thing'  and  then  when  you  read  the  report  t(j 
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the  factory  heads,  they  say,  'Applesauce'  and  into  the 
waste  hasket  goes  the  rejjort.  W  hen  we  ])reseiit  a  new 
idea  to  people,  their  first  instinctive  reaction  is  a<,^'linst 
it.  Nobody  Hkes  a  change,  'i'hat  is  the  one  great  thing 
you  must  understand  in  the  psychology  of  research. 

"The  human  family  in  industry  is  always  looking 
for  a  park  bench  along  the  road  of  progress  where  it  can 
sit  down  and  rest  but  the  only  park  benches  I  know  of 
are  immediately  in  front  of  the  undertaker's  shop." 

"Profitable  Practice  of  Industrial  Research"  Malcolm 
Ross,  Editor. 

He  has  also  put  it,  with  embellishments,  that  1  shall  not 
add,  that  the  surest  way  to  sell  a  new  device  to  his  company, 
General  Motors,  is  to  sell  it  first  to  a  competitor.  These  two 
statements  of  his,  nicely  complement  each  other  and  suggest 
both  the  cause  and  cure  of  the  strange  reluctance  that  those 
concerned  with  manufacturing  have  in  accepting  new  ideas, 
especially  from  their  own  organization. 

To  manufacture  a  new  product  means  loss  of  e(iuipment, 
cost  of  training  men  in  new  processes,  shut  down,  interfer- 
ence with  schedule,  high  cost  per  unit,  high  rejection  cost, 
loss  of  profits,  and  expenses  for  new  machinery.  Many  a 
student  of  economics  has  chided  Henry  Ford  for  holding 
on  to  Model  T  for  year  after  year,  but  not  any  one  who 
knows  the  cost  of  the  annual  change  of  model  would  thus 
criticize  him. 

The  research  director's  job,  therefore,  is  not  done  when 
the  product  has  been  invented,  designed,  and  proven  in 
theory.  He  has  to  sell  it,  just  as  much  as  if  he  were  a  private 
inventor.  There  is  nothing  harder  to  sell  than  an  idea,  and 
he  has  to  sell  it  to  a  grou]),  the  majority  of  whom  are  in- 
stinctively hostile  to  any  new  product.  A  new  product  to 
the  president,  sales  manager,  chief  engineer,  and  production 
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man  means  new  demands  on  capital  and  earnin,i»'s,  new  prob- 
lems of  desi<^n,  and  interference  witli  the  n(^rmal  redesij^n 
of  the  i)rotit  Hnes  of  the  company.  It  means  new  jjrohlems 
of  prochiction,  ii^^riefs  in  factory  and  Held,  new  problems  of 
sales,  and  distribution. 

And  to  make  it  worse,  the  a\erai;e  research  director  wIkj 
never  sold  a  penny's  worth  of  anything  in  his  life,  does  not 
make  a  i^ood  impression  in  a  business  conference,  especially 
when  he  does  not  have  the  facts  of  the  business  aspects  of 
his  in\ention  at  hand.  It  is  a  wonder  to  those  of  us  who 
ha\e  tried  to  sell  ideas  lunv  some  research  directors  succeed. 
I'.^ually  it  is  by  mere  force  of  j)ersonality  rather  than  by 
le*{itimate  sales  methods. 

There  is  no  part  of  research  more  important  than  sales, 
and  this  means,  in  (jrder  of  increasing  importance,  a  good 
article,  prtjper  preparation  of  sales  presentation,  full  knowl- 
edge of  the  financial  situation  of  your  customer,  knowledge 
of  the  peculiarities  of  the  personality  of  those  to  whom  you 
sell,      :d  m(j>t  of  all  proper  personal  contacts. 


ClIAl'TKR     \'I 

RKSKARCH   FOR    THK   SiMALL   COMPANY 


Up  to  this  i)oiiit  the  book  has  had  to  do  with  what  might 
ht  called  the  philosophy  or  theory  of  research.  Like  all 
theories  its  value  is  best  tested  by  applying  it  to  the  detailed 
problems  which  arise  in  practice,  in  this  case  the  business 
decisions  involved  in  the  foundation  and  operation  of  a 
research  laboratory.  In  doing  this  I  will  have  to  repeat  much 
of  what  has  been  said,  but  from  a  different  point  of  view. 

The  first  of  these  decisions  is  whether  to  attempt  any 
research  at  all ;  the  next  whether  to  hire  the  research  facili- 
ties, outside  the  company ;  or  whether  to  build  a  laboratory 
of  your  own.  These  decisions  have  particular  point  for  the 
smaller  companies,  and  it  is  to  these  that  this  chapter  is 
especially  directed. 

It  has  already  been  indicated  that  under  certain  rather 
clearly  defined  conditions,  research  should  not  be  undertaken 
either  directly  bv  the  companv  or  indirectly  by  consulting 
groups. 

The  first  class  of  company  which  should  not  undertake 
research  on  its  own  is  that  with  restricted  distribution.  This 
includes  retail  stores,  comi)anies  j)erforming  local  services, 
manufacturing  companies  with  local  distribution,  and  manu- 
facturing companies  with  restricted  markets.  Most  of  these 
comi)anies  do  not  have  the  capital  or  experience  to  go 
adventuring    into    the    unknown    fields    of    business,    which 
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research  always  opens  up.  The  prime  reason  why  these 
companies,  as  a  class,  should  not  engage  in  research  (there 
are  some  exceptions)  is  that  if  a  successful  new  idea  is 
invented,  it  is  impossible,  or  highly  disadvantageous  to  at- 
tempt to  restrict  the  sale  of  that  article  to  a  particular  locality. 
The  products  of  research  are  practically  never  products  for 
a  particular  local  demand,  but  are  products  which  require 
national  or  even  international  distribution.  The  appeal  of  the 
new  is  not  restricted  by  political  boundaries. 

Now,  to  be  sure,  there  are  methods  where  a  product  de- 
veloped for  a  local  milk  company,  say,  can  be  protected  and 
yet  distributed  widely.  These  methods  are  patenting  and  li- 
censing to  a  national  manufacturer  to  be  distributed  through 
the  regular  trade  channels.  Sometimes  local  companies  show 
surprising  ability  to  expand  because  of  trade  advantage  due 
to  the  possession  of  a  new  thing;  but,  in  general,  it  will  be 
hardly  exer  .found  advisable  to  set  up  a  permanent  research 
organization  on  that  small  chance.  What  ever^■  company 
should  do,  regardless  of  whether  it  has  proper  outlets  or  not, 
is  to  encourage  its  ordinary  staff  to  submit  new  ideas,  and 
encourage  the  development  by  every  way  short  of  a  perma- 
nent organization.  Many  a  useful  invention  dies  an  un- 
timely death  in  some  dry  goods  store  simply  because  the 
management  does  not  have  the  vision  to  assist  inventors  on 
their  staff  with  legal  and  engineering  advice,  business  con- 
tacts, or  even  financial  aid.  This  does  not  take  organization, 
just  human  understanding  and  vision. 

Though  small  local  companies  and  selling  organizations 
can  seldom  find  a  proper  justification  for  undertaking  re- 
research  on  their  own  responsibility,  they  are  not  any  the  less 
in  need  of  research.  Ouite  the  opposite — a  small  company,  a 
local  drug  store,  or  a  gas  company  is  in  a  particularly  vulner- 
able i^osition  against  th<?  attack  of  chain  stores  or  large 
electric  utilities,  since  these  chains  are  al)le,  with  their  large 
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markets,  to  (lc-\  cloj)  exclusive  ^nnds  or  services  which  the 
little  fellow  cannot  match.  L^ndouhtedly  much  of  the  lo5s  of 
relative  position  by  the  local  stores  as  compared  with  the 
national  stores  and  mail  order  houses  is  due  to  the  fact  these 
stores  not  only  can  sell  more  chea])ly  because  of  their  greater 
buying  and  selling  volume,  but  also  because  of  the  fact  that 
their  goods  are  more  modern  in  design,  better  in  ((uality,  and 
often  include  exclusive  items  developed  by  their  own  research 
or  by  exclusive  arrangements  with  manufacturers  and  re- 
search laboratories. 

To  meet  this,  the  local  company  has  but  one  recourse, 
and  that  is  through  the  organization  of  trade  association 
laboratories.  There  can  be  no  doubt,  that  it  is  true,  that  the 
organization  of  a  strong  trade  association  with  research 
laboratories  and  test  laboratories,  to  maintain  quality,  gives 
the  best  chance  for  the  small  independent  grocer  or  drug 
store  to  retain  or  regain  his  business. 

There  is  a  tendency  in  \\^ashington  to  look  on  the  trade 
association  as  a  device  in  restraint  of  trade,  and  sometimes 
it  has  certainly  been  that.  Rut  trade  associations  for  re- 
search, test,  and  under  limited  conditions  for  mass  purchase, 
are  the  real  salvation  of  the  small  independent  business  man. 

So  far.  the  discussion  has  been  confined  to  companies,  that 
could  never,  for  one  reason  or  another,  recover  any  reason- 
able j)art  of  the  money  that  would  be  necessary  to  form  a 
research  laboratory  and  support  it  during  its  unproductive 
years. 

We  now  turn  to  an  intermediate  class  of  companies — those 
with  a  national  market  but  still  so  .small  and  restricted  in  one 
way  or  another  that  the  expense  and  gamble  of  research 
must  be  considered  with  particular  detail.  A  large  company 
doing  a  $50,000,000.00  business  can  afYord  to  spend  \^/c  or 
$500,000.00  for  research,  without  upsetting  in  any  way  the 
business  structure,  if  returns  are  delaved  or  involve  unex- 


Industrial  Research  61 

pected  difficulties.  But,  consider  a  small  company,  say  a 
chemical  company  manufacturing  crayons,  or  a  machine  shop 
manufacturing  a  special  line  of  hall  bearings.  With  a  sales 
of  one-half  million,  one  per  cent,  represents  five  thousand 
dollars,  for  which  you  can  buy  almost  no  research  at  all.  Yet, 
such  companies  have  no  less  need  of  research  than  a  larger 
company.  Often  more.  Working  in  a  very  specialized  field, 
the  method  of  the  trade  association  is  impossible,  because 
research  value  in  a  given  line  of  business  is  competitive.  One 
wants  a  better  method  of  producing  bearings,  or  better 
crayons,  principally  to  get  an  increased  share  of  the  total 
business  in  bearings  or  crayons.  It  is  all  right  to  share  the 
results  of  your  research  with  someone  who  has  a  different 
market,  as  with  a  grocer  in  a  different  town  but  to  share  the 
advances  of  method  or  product  with  one  who  competes  is 
quite  a  different  matter. 

There  are  two  ways  of  meeting  this  situation,  which  have 
actually  been  used.  One,  the  method  which  depends  on  use  of 
consulting  industrial  research  laboratories,  or  such  endowed 
cooperative  institutions  as  the  Battelle  Memorial  or  Mellon 
Institutes.  In  practice,  this  method  consists  in  hiring  re- 
search done  on  some  particular  problem  on  a  cash  basis.  This 
isn't  the  cheapest  way  to  operate,  or  the  most  efficient,  but  it 
has  the  advantage  of  providing  terminal  facilities.  The  work 
can  be  stopped  at  any  time  that  the  idea  does  not  seem  profit- 
able and  there  need  be  no  commitment  to  continue.  Let  us 
follow  this  with  an  example.  Someone  in  the  ball  bearing 
company  gets  the  idea  that  after  getting  the  balls  round  to  a 
half  thousandth,  he  can  case  harden,  using  one  of  the  gas 
carbonizing  processes,  without  distortion,  and  then  polish  the 
final  balls,  producing  a  highly  superior  and  cheaper  ball.  One 
procedure  is  to  put  the  whole  problem  before  some  manu- 
facturer of  carbonizing  equipment,  who  will  often  be  willing 
to  go  to  surprising  lengths  to  do  free  development  work  and 
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to  adapt  its  j)roccss  to  a  new  product.  Fnit.  to  do  this  means 
that  tlie  hall  company  will  soon  lind  his  comi)etitors  usin^  the 
new  j)rocess.  The  other  way  is  to  save,  say  $25,000,  start  a 
fellowship  at  Mellon  Institute,  or  engage  a  competent  con- 
sulting lahoratory  to  do  the  joh.  In  this  way  there  is  no  need 
of  building  a  regular  research  organization. 

It  is  surprising  how  often  this  procedure  leads  to  results  of 
great  \alue.  in  spite  of  the  fact  that,  in  general,  research  has 
the  greatest  chance  of  success  when  closely  geared  to  the 
company  plant  o])erations.  Mellon  Institute,  as  an  example, 
publishes,  from  time  to  time,  a  summary  of  the  researches 
which  have  been  completed,  with  some  information  leading 
to  an  evaluation  of  the  economic  value  of  the  results  which 
have  been  obtained.  Among  others,  an  important  industrial 
j)r()cess  developed  at  this  institution  is  the  Tenderay  process 
of  tenderizing  meat,  which  was  supported  by  Krogers  Con- 
sumers. This  has  brought  to  the  average  housewife  aged 
beef  of  better  quality  and  tiavor  than  was  available  a  few 
years  ago. 

Indeed,  where  the  problem  is  well  defined  and  where  it  is 
of  the  type  which  is  not  continuing,  there  is  a  considerable 
value,  even  for  companies  with  permanent  research  facilities. 
to  farm  out  to  the  industrial  laboratories  and  to  such  univer- 
sity laboratories,  as  offer  this  class  of  service,  such  problems 
as  do  not  re(|uire  close  operating  contact  with  the  factory ;  as 
do  not  involve  special  skills  or  training  or  apparatus  nc:)t 
available  in  the  regular  organization;  and  such  problems 
where  it  seems  that  the  purchase  of  these  special  skills  and 
equipment  could  not  be  justified  on  a  continuing  basis.  For 
example,  Dow  Chemical  Company,  investigating  a  future 
market  for  bromine  compounds,  desired  to  investigate  the 
possible  use  of  bromides  as  an  absorl^ent  for  water  in  domes- 
tic and  air  conditioning  apparatus  of  the  absorption  refriger- 
ation type.   This  project  could  be  justified  only  to  the  point  of 
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developing  a  new  process  in  which  a  customer  might  use 
bromides  and  thus  deAelop  a  market.  It  could  not  be  justified 
to  the  point  of  Dow  Company  going  into  the  manufacture 
and  sale  of  air  conditioning  equipment.  There  was.  therefore, 
no  sense  in  hiring,  on  the  permanent  staff,  experts  in  air  con- 
ditioning and  absorption  refrigeration,  nor  was  there  a  point 
in  permanently  giving  space  and  equipment  in  the  general 
laboratory  for  this  "market  research."  The  Dow  Company 
has,  therefore,  set  up  a  consultant  laboratory,  for  the  purpose 
of  doing  research  looking  toward  an  increased  market  for  its 
goods  and  also  for  doing  work  for  customers  who  use  Dow 
products.  This  consulting  division  uses  as  its  facilities  uni- 
versity laboratories  under  a  contractual  arrangement.  Simi- 
lar results  could  be  obtained  using  standard  consulting  labo- 
ratories and  in  some  cases  using  consultants  at  one's  own 
laboratory. 

But,  it  is  to  the  small  manufacturing  company,  with  a 
limited  production  and  a  great  idea,  that  the  consultant  labo- 
ratory offers  its  greatest  field  of  usefulness.  To  prove  this, 
one  can  li-st  some  of  the  current  researches  sponsored  from 
the  latest  reports  of  the  Mellon  Institute. 


Project 
Electro  Deposition 
Iodine 

Meter  Technology 
Pearls 
Anthracite 
Calgonite 
Chains 

Commodity  Standards 
Heat  Insulation 
Pressing  Machinery 
Protective  Coatings 
Garspar 
Urban  Air  Pollution 


Sponsor 
Standard  Steel. Spring  Co. 
Iodine  Educational  Bureau 
Pittsburgh  Equitable  Meter  Co. 
Pearl  Associates 
Anthracite  Industries 
Calgon  Inc. 
McKay  Co. 

Kaufmann  Department  Stores 
Phillip  Carey  Co. 
U.  S.  Hoffman  Machinery  Corp 
Stoner  Mudge  Inc. 
N.  S.  Garbisch 
Dept.  Public  Health,  Pittsburgh 
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Project  Sponsor 

Precast  Concrete  Cemenstone  Corp. 

(iraphite  Vesuvius  Crucible  Co. 

Metal  Working  Wni.  B.  Scarfe  &  Sons 

Oil  Cleaners  The  Fram  Corp. 

Mercerization  Aberfoyle  Manufacturing  Co. 

IVotectivc  ^Tetais  H.  H.  Robertson  Co. 

Powder  Metallurgy  Plastic  Metals  Inc. 

Safety  Fuses  Ensign  Bickford  Co. 

Pignin  Marathon  Paper  Mills 

Petrolatum  Chesebrough  ^Manufacturing  Co. 

The  second  way  for  the  small  manufacturing  company  is 
to  start  a  small  research  laboratory  of  its  own.  Case  after 
case  can  be  given  where  this  procedure  is  successful.  Before 
doing  this  the  company  directors  must  understand  the  risks 
that  are  being  taken.  I  can  show  the  dangers  and  pitfalls  as 
well  as  the  rewards  of  the  small  laboratory  best  by  some 
illustrations : 

Take  first  the  case  of  a  company  manufacturing  gas  ap- 
pliances, a  field  which  is  much  overcrowded  with  small 
foundries.  To  make  a  success  in  this  field  there  are  three 
possible  routes:  First,  manufacture  a  cheap  product  and  sell 
it  locally  (high  freight  rates  would  make  it  impossible  to 
compete  on  a  ])rice  basis  far  from  home).  Second,  build  up 
a  national  name  through  advertising  and  thus  dominate  the 
field.  No  one  has  succeeded  in  doing  this  in  the  field  of  gas 
appliances  as  General  I'Jectric  has  done  for  electrical  appli- 
ances. Third,  study  the  field,  determine  which  portions  are 
not  adequately  exploited,  develop  new  uses  for  gas,  and  by 
research  develoj)  ap|)aratus  suitable  for  these  new  uses. 

I  he  business  of  this  comj)anv  was  originally  based  on  the 
in\cntion  of  a  new  type  gas  burner  for  certain  industrial 
uses.  This  field,  howexer.  nexer  j)ro\ ed  very  profitable. 
Later  the  Company  developed  the  first  successful  automatic 
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burner  for  converting  domestic  coal-fired  furnaces  to  gas- 
fired  furnaces.  For  some  time  they  had  the  field  to  them- 
selves and  it  proved  to  be  very  profitable  indeed.  Then,  when 
competition  developed,  as  it  is  sure  to  do,  in  the  midst  of  the 
depression,  they  saw  an  opportunity  to  improve  the  burning 
of  gas  in  the  field  of  industrial  furnaces  and  lehrs.  They 
therefore  began  to  manufacture  these  very  special  furnaces. 
When  this  field  became  partly  exhausted  they  developed 
various  heat  treating  processes  using  gas.  Such  processes 
were  carburizing,  decarburizing,  and  the  pickling  of  metals. 
More  recently,  they  have  developed  a  process  of  radiant 
heating  which  is  giving  severe  competition  to  electric  heating 
for  industrial  purposes.  Their  latest  achievement  is  the  com- 
mercialization of  an  air  conditioning  process  using  gas. 

A  business  such  as  this  can  be  profitable  only  if  it  has: 
First,  a  management  thoroughly  embued  with  the  philosophy 
of  research ;  second,  a  research  organization  so  closely  asso- 
ciated with  sales  and  production  that  there  is  no  line  of 
distinction;  third,  that  sporting  spirit  which  dares  year  after 
year,  in  the  face  of  great  odds,  to  venture  the  whole  future 
of  the  company  on  a  single  throw  of  the  research  dice. 

I  remember  visiting  a  small  company  which  has  been  in 
existence  for  over  three  generations  and  is  still  making  a 
success  in  the  field  of  bulk  chemicals.  This  is  the  field  domi- 
nated by  such  titans  as  duPont,  Carbide  and  Carbons  Chem- 
ical Company,  General  Chemical  Company,  and  National 
Aniline  and  Chemical  Company. 

I  asked  the  manager:  "How  do  you  do  it"? 

"C^h,  that's  easy,"  he  said.  "We  make  only  things  that  we 
can  make  at  a  profit  on  a  small  scale  and  in  the  ai)paratus  we 
have.' 

"But  what  happens."  I  said,  "if  you  get  too  prosperous  and 
some  company  starts  to  make  the  chemicals  you're  making" .-' 

"Why.  then."  he  said,  "we  simply  quit  making  that  chcnii- 
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cal  and  invent  something  else  we  can  make  in  our  equipment 
and  sell  it  at  a  profit." 

I  turn  to  another  illustration — that  of  a  small  company 
manufacturing  a  specialty  for  one  of  the  big  mail  order 
houses.  It  was  a  gadget  the  chief  engineer  had  developed  on 
the  side.  Actually,  I  don't  think  more  than  four  men  were 
ever  employed  in  the  development  of  this  gadget.  Because 
this  company  had  no  research  overhead,  no  permanent  organ- 
ization, and  because  no  special  etiuipment  was  recjuired  to 
make  the  gadget,  because  they  had  a  huge  production  order, 
because  they  sold  to  only  one  customer — the  mail  order 
house — and  because  all  of  these  things  make  a  low  selling 
price,  they  made  money.  That  is,  until  a  competing  company 
by  sales  manijnilation  and  threat  of  patent  suit  persuaded 
their  only  customer  to  desert  them,  then  the  company  failed. 

Then  there  is  a  company  making  automobile  accessories. 
This  company*  in  1934  invented  a  new  arrangement  or  style 
of  instrument  panel  for  automobiles.  Because  this  design 
was  new,  attractive,  and  had  some  technical  advantages,  they 
sold  millions  of  these  panels  to  two  of  the  larger  automobile 
companies.  Being  wise  in  this  field,  they  knew  that  by  1935 
not  one  of  these  panels  would  be  sold, — they  would  be  out  of 
style  by  then, — and  the  public  would  want  none  of  them.  So, 
in  1935,  they  came  out  with  another  automobile  novelty,  not 
an  instrument  panel  at  all.  In  1936  they  came  out-  with 
another,  and  so  on  to  the  present.  Not  everyone  clicked  but 
they  are  still  in  business  in  ])erhaps  the  most  difficult  of  all 
fields — that  of  automobile  accessories.  They  have  been  suc- 
cessful because  they  have  built  their  business  on  a  constant 
research  for  novel  and  smart-looking  new  gadgets.  They 
know  perfectly  well  that  what  they  de\ise  one  year  will  be 
displaced  almost  completely  the  next,  because  the  novelty 
which  made  it  attractive  the  first  year  will  "date"  it  so  that 
the  next  vear  it  will  he  out  of  stvle — this  is  the  law  in  a  stvle- 


Industrial  Research  67 

conscious  market.  Though  this  illustration  has  been  taken 
from  the  field  of  mechanical  goods  it  is  easily  possible  to  find 
similar  illustrations  in  the  field  of  cosmetics,  food  prepara- 
tion, fabrics,  clothing,  and  even  in  the  field  of  chemicals. 
The  hard-boiled  purchasing  agent  for  industrial  chemicals, 
for  pharmaceuticals,  and  alloys  would  indignantly  den)-  that 
he  is  as  style  conscious  as  a  woman,  but  anyone  accustomed 
to  selling  knows  that  novelty  has  appeal  even  in  the  field  of 
heavy  goods  and  plastics,  and  that  a  line  leader  one  year  will 
be  largely  displaced  the  next  year  simply  because  something 
has  come  out,  not  necessarily  any  better,  but  different  and 
novel  which  has  supplanted  it.  As,  for  example,  molding 
plastics  have  largely  displaced  hard  rubber  even  in  fields 
where  hard  rubber  is  more  suitable  and  cheaper. 

A  friend  of  mine  is  associated  with  a  small  chemical  com- 
pany doing  a  specialty  business  largely  in  surface  active 
agents.  1  haven't  asked  him  but  I  know  very  well  that  a 
large  part  of  the  success  of  his  business  is  associated  with 
the  fact  that  he  has  been  able  to  come  out  with  something 
new  nearly  every  year  to  replace  inactive  items. 

In  other  words,  the  small  company  that  is  to  be  successful 
in  research  must  follow  these  principles :  It  must  keep  equip- 
ment and  sales  cost  low  and  stocks  almost  zero ;  it  must  be 
prepared  to  come  out  every  year  or  more  often  with  some- 
thing new.  This  means  that  its  research  must  be  planned  well 
in  advance  and  must  concern  itself  with  a  field  where  a  steady 
output  of  new  products  is  possible.  \>ry  frecjuently  this 
must  be  a  field  of  its  own  devising  and  it  must  create  not 
only  new  products  but  new  needs. 

More  generally,  if  a  small  company  is  to  make  a  success  of 
research,  the  business  of  the  company  must  be  research. 
That  is  to  say,  research  nuist  l)e  such  an  intimate  i)art  of 
management  that  as  new  products  develop  the  company  must 
be  Hexible  enough  to  change  and  develop  with  these  new 
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products.  If  research  is  to  l)c  undertakc-ii  in  the  small  coin- 
paiiy  with  any  hope  of  success  it  cannot  he  undertaken  as  a 
by-product  of  some  special  line  or  as  a  ^idc  issue.  It  nui>t  he 
the  chief  business  of  the  company. 


Chapter  VII 

THE   PLACE   OF   RESEARCH   IN 
COMPANY   ORGANIZATION 


In  larger  companies,  especially  of  the  iiianutacturiiig  type, 
as  contrasted  with  the  investment  and  service  companies,  one 
most  satisfactory  method  of  obtaining  research  is  the  estab- 
lishment of  a  research  laboratory  as  a  direct  part  of  the 
company  organization.  The  first  (juestion  tc^  be  decided  is — 
what  part  of  the  organization  shall  it  be  ? 

It  is  realized  that  organization  is  a  device  for  making  poor 
men  work  fairly  well  together  and  that  it  makes  relatively 
little  difference  what  the  organization  of  a  company  is  if 
there  is  proper  leadership  and  proper  cooperation.  It  is 
astonishing  how  much  the  organization  of  the  research  ac- 
tivities differs  from  company  to  company.  One  large  and 
very  progressive  automobile  company  has  no  formal  research 
organization  at  all.  but  classifies  all  development  activities  as 
design  and  laboratory,  thus  splitting  research  right  down  the 
middle.  Yet  this  company  has  been  able  to  hold  its  place  in 
the  procession  of  progress,  principally  because  of  personal 
leadership. 

Yet  there  are  now  some  two  thousand  research  labora- 
tories and  their  accumulated  experience  has  suggested  certain 
principles  of  organization  which  it  is  unsafe  to  disregard,  at 
least  without  good  reason. 

In  a  previous  chapter  the  distinction  of  functions  of  re- 
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search  ami  other  company  activities  has  been  pointed  out. 
Experience  has  shown  that  it  is  wise  to  make  the  organiza- 
tion follow  rather  closely  the  lines  indicated  by  these  dis- 
tinctions of  function.  In  a  general  way,  therefore,  research 
should  in  most  cases  be  considered  as  an  executive  function, 
because  its  policies  are,  in  the  long  run,  going  to  control  the 
future  position  of  the  organization. 

This  conclusion  is  not  universally  accepted.  In  most  organ- 
izations, the  research  division  is  still  considered  a  part  of 
engineering,  but  the  tendency  is  to  promote  research  to  an 
executive  function,  as  is  witnessed  by  the  fact  that  the  most 
powerful  research  organizations,  such  as,  (jeneral  Motors, 
General  Electric,  U.  S.  Steel,  etc.,  have  frankly  adopted  the 
policy  of  independent  research  organization  and  give  to  the 
director  of  research  the  title  of  vice-president.  The  advan- 
tages of  having  on  the  Board  of  Directors  and  on  the  Ad- 
ministrative Board  of  the  company  one  who  knows  research 
i.e.  the  future  trends  of  the  business,  is  so  evident  that  the 
wonder  is  that  more  companies  do  not  adopt  this  policy. 

Once  1  asked  a  member  of  the  board  of  General  Motors 
what  the  function  of  C.  F.  Kettering  was  on  the  Board.  He 
said,  "A  cross  between  a  goad  and  soothsayer"  and  that 
fairly  represents,  with  suitable  interpretation,  the  function 
of  research  in  the  executive  part  of  an  organization. 

However,  research  usually  begins  as  a  comparatively  small 
group,  headed  often  by  a  relatively  young  man.  It  is  not 
usually  considered  part  of  wise  policy  to  give  to  such  a 
beginner  the  very  important  position  of  vice-president.  In- 
deed, in  many  cases,  the  promotion  of  research  to  independ- 
ent status  has  come  as  a  sort  of  reward  to  a  relatively  old 
research  director  as  a  result  of  long  and  meritorious  service. 
The  correct  spot  for  research  at  the  very  beginning  is  in  the 
president's  office,  in  a  junior  position  if  need  be,  but  directly 
under  the  president.     lUit,  presidents  seldom  think  of  this. 
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In  the  beginning  a  research  organization  will  in  most  cases 
start  as  a  department  in  some  existing  portion  of  the  organi- 
zation. If  the  organization  fully  realizes  that  research,  if 
successful,  must  eventually  carry  its  part  of  the  executive 
load  and  if  it  is  realized  that  research  directorship  is  a  train- 
ing or  trial  position,  it  makes  comparatively  little  difference 
where,  in  the  organization,  it  starts — that  being  usually 
decided  by  personal  reasons. 

The  actual  initiation  of  research  activity  in  an  existing 
company  is  usually  the  result  of  the  vision  of  one  man,  who 
may  be  a  patent  attorney,  service  man,  chief  engineer,  or 
president.  It  usually  happens,  not  altogether  wisely,  that  the 
research,  in  its  foetal  stage,  develops  in  the  department  of 
that  man  of  vision.  This  has  its  difficulties  because  parents 
usually  demand  proprietary  rights  for  their  offspring  long 
after  the  offspring  has  earned  the  right  to  stand  alone.  But, 
it  also  has  its  advantages,  because  to  a  growing  but  untried 
research  laboratory  there  is  nothing  more  important  than  a 
friend  as  a  sponsor  who  is  high  in  the  confidence  of  the 
organization. 

It  is  this  that  really  fixes  the  time  when  research  becomes 
a  full  grown  part  of  the  executive  organization.  \\  hen 
research  has,  in  its  own  right,  earned  the  confidence  of 
administration,  then  it  is  ready  to  take  its  part  in  adminis- 
tration. It  must  be  realized  that  this  is  the  true  function  of 
research,  because  it  is  this  future  position  which  controls,  to 
a  large  extent,  that  most  important  of  all  factors  of  or- 
ganization, the  interrelation  of  research  with  other  parts  of 
the  organization. 

The  uninitiated  look  at  the  lines  in  an  organization  from  a 
chart  which  shows  the  descent  of  executive  authority  and  say 
that  that  is  organization.  The  wise  look  at  the  lines,  usually 
iindraum  on  a  chart,  which  represents  the  working  relations 
of  the  various  units  among  themselves 
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Once  ill  WOrlcl  W  ar  1,  when  tlic  Chemical  Warfare  Serv- 
ice was  first  organized,  a  research  man  in  tiie  laboratory 
at  the  American  University  wanted  some  information  and 
wanted  it  (juickly.  The  organization  chart  said  the  only  way 
to  get  it  was  to  talk  to  the  corporal  and  get  permission  to  ask 
the  sergeant  concerning  this  matter;  he  would  tlien  give  per- 
mission to  speak  to  the  lieutenant  in  regard  to  the  same,  or 
he  would  speak  to  the  lieutenant  for  him.  The  second  lieu- 
tenant would  then  write  a  letter  to  the  lirst  lieutenant;  tlie 
first  lieutenant  to  the  captain;  tlie  captain  to  the  major; 
major  to  the  colonel;  colonel  to  the  general;  the  general  to 
the  chief  gf  the  Chemical  Warfare  Service  who  would  then 
write  to  Chief  of  Ordnance  via  the  Secretary  (^f  War;  the 
Chief  of  Ordnance  would  issue  order  to  colonel ;  the  colonel 
to  major;  major  to  captain;  captain  to  lieutenant;  lieutenant 
to  sergeant:  sergeant  to  corporal,  to  chief  clerk  of  tiles,  etc., 
who  would  give  the  information  requested  to  the  lieutenant 
who  would  write  it  up,  sending  it  via  captain,  major,  colonel, 
general,  secretary  of  war,  general,  corporal,  major,  captain, 
lieutenant  to  private,  by  which  time  the  war  would  be  o\er. 

Or,  Private  CAV.S.  could  meet  Private  (  )rdnance  at  the 
Cosmos  Club  and  ask  him. 

Of  course,  few  t)rganizations  are  as  bad  as  this,  not  even 
in  the  army,  but  it  is  working  liaison  between  dej)artments 
which  makes  an  organization  function  smoothly  more  than 
anything  which  can  be  shown  by  heavy  lines  on  an  organiza- 
tion chart.  Hence  it  is  of  \  ery  great  importance,  \ery  early 
in  the  organization  of  a  research  laboratory,  to  set  up  the 
mechanism  of  cooperation  between  departments,  while  at  the 
same  time  a\'t)i(ling  overlapping  of  authority  and  responsi- 
bilitv  which  too  often  ha\e  marked  relation  between  research 
and  other  part>  of  the  company. 

ID  take  these  relations  u\)  one  by  one:  We  begin  at  the 
t(jp.     As   has   lieen   said,    the   ideal    arrangement    is    for   the 
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director  of  research  to  report  directly  io  the  president.  In 
the  event  the  set  up  is  not  made  this  way,  it  is  important  that 
his  immediate  chief,  say  the  vice-president  in  charge  of 
engineering,  shall  fully  understand  both  the  possibilities  and 
limitations  of  research.  This  will  be  the  case  if  the  research 
laboratory  is  a  creaticjn  of  the  vice-president  and  if  the  vice- 
president  was  responsible  for  the  selection  of  the  director. 
It  will  not  be  the  case  if  .someone,  say  the  vice-president  in 
charge  of  sales,  whelped  the  foundling,  which  was  foisted 
off  onto  an  unwilling  chief  engineer.  In  this  case  research 
is  "sunk"  from  the  beginning,  for  it  is  always  possible  to  kill 
(jff  research  in  an  organization  if  one  in  authority  w^ants  to 
do  this,  since  the  results  of  research  seldom  show  up  in  less 
than  five  years  time.  This  is  the  most  practical  reason  for 
placing  research  under  the  president  in  the  early  critical  days 
of  its  existence.  It  should  at  least  be  placed  under  one  who 
fully  believes  in  research  and  is  willing  "to  go  to  bat"  for  it 
in  that  critical  stage,  which  comes  after  three  or  four  years, 
when  the  research  director  must  ask  for  continually  increas- 
ing appropriations  and  still  has  only  prospective  gains  to 
show  to  balance  the  department  budget. 

The  next  most  important  department,  whose  relationships 
to  research  must  be  defined  clearly  is  engineering,  or,  as  it 
is  often  called,  de\elopment.  This  is  the  case  even  where 
research  is  a  subdivision  of  engineering.  Perhaps  this  is  the 
case  where  it  is  most  important  to  define  the  line  of  demarca- 
tion of  activities  and  responsibility  and  to  work  out  methods 
of  liaison.  As  has  been  pointed  out.  the  essential  difference 
between  engineering,  that  is  to  say  ])r()duct  design,  and  re- 
-search,  is  the  ])oint  of  view  from  which  the  problem  is 
attacked,  rather  than  the  problem  which  may  or  not  be 
diff'erent. 

Suppose  I  am  concerned  with  the  ignition  system  of  an 
automobile,  particularly  the  storage  battery.    As  an  engineer. 
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or  development  man,  it  may  have  become  e\ident  to  me  that 
the  present  storage  battery  is  inefficient.  Incidentally,  it  is. 
A  project,  Eng.  211,  may  be  set  up  to  investigate  and  im- 
prove the  storage  battery  for  car  model  1943.  At  the  same 
time  the  research  division  may  have  been  convinced,  also, 
that  the  storage  battery  is  not  very  good  and  it  may,  there- 
fore, set  up  a  project.  Res.  742  ABC,  to  investigate  and 
improve  storage  batteries. 

Such  duplication  of  subject  matter  fre(iuently  occurs  and 
has  dangers  from  the  point  of  view  of  organization.  The 
first  thing  to  do  it  for  the  chief  engineer,  director  of  research 
and  the  two  assistants,  actually  in  charge  of  the  work,  to  get 
together  and  talk  the  project  over.  Liaison  of  this  sort  will 
make  it  possible  for  the  two  projects  to  supplement  each 
other,  rather  than  to  duplicate  each  other.  In  general,  the 
true  line  of  division  is,  as  has  been  said,  a  matter  of  point  of 
view.  Properly  defined,  the  engineers  project  should  be, 
what  can  be  done  within  the  next  year  to  the  present  type 
of  storage  battery  to  improve  performance.  As  such,  the 
engineers  work  will  include  first  of  all  comparison  tests  of 
batteries  on  the  market  to  find  the  best  for  the  money.  He  is 
limited  to  batteries  on  the  market  as,  within  one  year,  there 
is  no  hope  that  any  radically  different  battery  could  be  put 
into  production.  Second,  he  may  suspect  that  the  battery  is 
electrically  overloaded  and  l^adly  located  in  the  car  and  that 
charging  voltage  and  rate  should  be  modified.  To  prove 
these  things  will  require  tests,  which  will  have  to  be  done  on 
a  close  time  schedule,  because  of  the  time  factor  to  be  met. 
He  may  and  prol)ably  will  soon  suspect  that  the  whole 
battery  requires  change  to  be  fully  satisfactory.  For  ex- 
ample, he  knows  just  as  well  as  the  researcher  that  the 
decomposition  of  battery  plates,  the  need  of  watering  the 
battery  at  frequent  intervals,  suggests  the  use  of  some  system 
other  than  the  lead  storage  cell,  but  he  can  do  nothing  about 
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that  as  it  would  involve  a  long  range  series  of  investigations 
which  go  far  beyond  the  requirement  of  the  1943  model  can. 
In  short,  where  a  complete  research  department  exists,  engi- 
neers should  not  undertake  projects  unless  they  pertain  to  a 
particular  well  defined  product  in  production,  or  approved 
for  production,  and  unless  the  cost  of  the  project  is  a  proper 
charge  on  the  development  of  the  product  in  question.  There 
are  doubtful  borderline  cases,  but  this  rule  will  work  in  most 
cases. 

On  the  other  hand,  research  should  undertake  on  its  own 
responsibility  no  projects  of  the  engineering  type.  The 
words  "on  its  own  resposibility"  are  put  in  because  there  are 
projects  properly  belonging  to  engineering,  which  require 
special  skills  or  equipment,  which  engineering  does  not  have. 
In  these  cases  it  has  come  to  be  the  practice  in  many  com- 
panies for  engineering  or  development  to  ask  research  to  do 
these.  If  this  is  done,  it  must  be  done  only  on  permission  of 
the  Director  of  Research  and  engineering  should  pay  for 
these  not  only  the  cost,  but  a  proper  overhead  and  service 
charge,  exactly  as  if  they  were  having  the  work  done  outside 
the  company.  Every  attempt  to  keep  down  the  amount  of 
interdepartmental  work  should  be  made,  and  one  of  the  best 
ways  to  do  that  is  to  make  the  charges  about  that  which  an 
outside  consulting  laboratory  would  charge  for  the  same 
service,  or  a  little  more.  There  are  cases  where  research  can 
hire  work  done  by  engineers  on  the  same  basis,  but  these  aVe 
rare,  indeed,  in  the  larger  laboratories. 

So  much  for  the  formal  matters  of  organization  to  be 
settled  between  chief  engineer  and  director  of  research.  Of 
far  more  importance  to  the  future  of  the  company  is  a  matter 
of  exchange  of  information. 

The  researcher,  even  before  he  can  intelligently  formulate 
his  problem  on  batteries,  must  have  available  to  him  the 
experience  of  the  engineers  actively  engaged  in  the  battery 
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prol)lc'm.  This  he  can  get  via  the  route  private,  Heutcnant, 
captain,  major,  captain,  lieutenant  to  private,  or  he  can  walk 
across  the  hall  and  ^et  it.  I>oth  methods  have  their  advan- 
tages and  their  dangers.  The  going  across  the  hall  method 
is  the  only  way  to  transfer  those  vital  half-baked  ideas  from 
which  progress  springs,  but  it  is  bad  for  the  record  system 
and  it  violates  an  old  principle  of  organization.  That  is,  an 
organization  cannot  function  if  the  head  of  the  organization 
does  not  know  what  is  going  on.  Hence  it  has  become 
recognized  as  good  practice  that  where  actual  test  data  and 
other  formal  bits  of  information  are  transferred,  to  do  this 
in  writing,  copies  being  sent  to  the  superiors  of  the  men 
involved.  This  is  a  simple  matter,  but  a  very  important  one 
for  reasons  of  responsibility,  patent  records  and  the  technical 
files.  But,  no  system  must  be  allowed  to  take  the  place  of  the 
personal,  cross-the-hall,  informal  sessions,  for  it  is  out  of 
the  friendly  conflict  of  point  of  view  that  new  ideas  arise.  In 
most  cases  this  exchange  of  information  of  this  type  is  rather 
one  sided,  as  research  is  particularly  sensitive  to  need  of 
practical  point  of  view.  Often  there  is  rather  a  tendency  of 
research  men  not  to  tell  engineers  too  soon  of  what  they  are 
doing,  as  such  ])remature  disclosure  is  often  thought  to  lead 
to  dissatisfaction  of  the  engineer  with  what  he  has,  com- 
pared to  what  he  may  have  in  the  future  and  to  lead  to 
dangers  from  the  patent  viewpoint — or  something  else..  But, 
my  experience  has  been  that  these  dangers  are  rather  exag- 
gerated and  that  depending  on  the  man  and  his  interest,  it 
is  often  advisable  for  research  to  be  more  frank  with  en- 
gineering associates  than  is  often  the  case. 

The  worst  thing  to  do.  and  this  happens  much  too  fre- 
quently, is  to  set  up  competitive  groups  in  Hie  same  organi- 
zation. Too  well  do  I  remember,  in  the  early  days  of 
refrigeration,  visiting  one  company  where  the  chief  engineer 
told  me  with  pride  that  he  had  separate  groups  working  on 
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expansion  systems,  float  systems  and  absorption  systems 
and  that  he  would  thus  be  sure  to  find  out  which  system  was 
the  best.  What  he  was  sure  to  find  out  was  w^hich  competitive 
group  had  the  best  salesman  at  the  head. 

So  exactly  wrong  is  this  method  that  I  hesitate  to  mention 
it,  except  that  it  is  still  being  used  in  one  way  or  another, 
and  there  are  still  many  engineering  groups  who  feel  that 
research  is  a  competitor,  rather  than  an  associate.  It  would 
be  easy  to  give  awful  examples  here,  but  the  subject  is  too 
painful. 

We  now  turn  to  the  relation  of  research  to  specification 
and  inspection.  This  important  function  of  corporate  man- 
agement is  often  subdivided  into  two  separate  divisions,  but 
there  is  a  tendency  to  group  them  together  as  independent 
departments  because  of  the  "umpire"  nature  of  their  work. 
At  any  event,  it  is  convenient  to  group  them  together  for 
the  present  purposes.  Such  umpire  groups  usually  have 
laboratory  facilities  for  chemical  analysis,  metallographic 
work  and  physical  tests — in  many  cases,  duplicate  facilities 
are  needed  by  research.  Such  groups  are  usually  the  first  tf) 
discover  defects  in  the  product  in  a  concrete  way.  For  these 
reasons,  the  relationship  of  research  to  control  is  often  vcr\ 
close.  Though  the  engineer  may  occasionally  use  research 
facilities,  it  is  very  common  for  the  control  group  (to  give 
-the  group  a  single  name)  to  use  the  laboratory  facilities  of 
the  research  laboratory  very  extensively  so  that  in  many  cases 
all  of  the  chemical  analyses,  are  done  in  the  chemical  di- 
vision of  the  research  laboratory.  This  avoids  duplication 
of  facilities.  There  is  a  growing  tendency  in  this  direction 
because  there  is  an  economic  justification  for  it  in  the  high 
cost  of  certain  laboratory  equipment  and  the  relatively  short 
fraction  of  time  that  it  is  actually  in  use.  Metallographic 
microscopes,  spectroscopes  and  X-ray  apparatus,  even  in 
busy  laboratories,  are  used  only  a  few  minutes  a  day.  yet 
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involve  investments  of  many  thousands  of  dollars.  Some 
joint  use  of  equipment  is  necessary.  The  question  is  who 
shall  have  charge  of  that  etjuipment — research  or  control  ? 

I  know  no  very  clear  principle  to  be  used  to  decide  in  a 
non-chemical  industry  whether  the  entire  chemical  laboratory 
should  be  under  control,  under  research,  or  whether  separate 
laboratories  should  be  established.  In  practice,  these  matters 
have  to  be  worked  out  more  or  less  as  special  cases  by  the 
people  involved.  Basically  the  matter  is  economic.  In  theory, 
one  should  be  able  to  justify  on  a  purely  actuarial  basis 
whether  or  not  the  laboratory  will  pay  better  if  under  re- 
search, control,  or  both,  but  I  am  afraid  that  such  an  analysis 
is  rarely  made.  Usually,  the  matter  is  decided  by  personal 
considerations. 

In  a  laboratory  where  liaison  is  well  established  and  where 
other  conditions  are  right,  it  makes  little  difference  whether 
a  given  laboratory  is  under  research  or  control,  or  whether 
there  are  two  separate  laboratories.  In  practice,  conditions 
are  seldom  as  perfect  as  this  would  require.  Frequently  the 
analytical  laboratories  and  routine  test  laboratories  of  com- 
panies, which  do  not  have  research  control,  are  rather  poor 
things,  understaffed,  with  poorly  paid  men,  and  much  over 
worked.  With  proper  personal  approach,  the  research  direc- 
tor will  usually  find  that  the  much  abused  chief  chemist  of 
the  control  laboratory  is  willing  and  anxious  to  add  to  the 
facilities  of  the  company  and  will  encourage  the  company 
to  establish  a  duplicate  laboratory  free  from  the  responsi- 
bility of  getting  out  100  carbon  determinations  a  day.  Such 
a  laboratory  is  often  of  great  help  to  him  in  other  ways. 

Usually  it  works  out  to  the  best  interest  to  have  separate 
research  and  routine  laboratory  if,  for  no  other  reason,  than 
to  allow  proper  salary  set-up.  It  is,  of  course,  ([uite  impossi- 
ble to  expect  a  routine  chemist  with  his  stint  of  "manganeses" 
and  "nickels"  to  do  each  day,  to  double  in  research.   As  hard 
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as  it  may  be  to  convince  the  powers  that  classify  employees, 
there  is  a  difference  between  chemists  and  chemists.  This 
difference  requires  different  scales  of  pay,  different  employ- 
ment status,  and  privileges  and  different  direction  for  chem- 
ists working  on  research  problems  and  chemists  analyzing 
cement.  Research  is  really  a  difference  in  point  of  view,  but 
that  is  a  profound  and  important  difference  which  must  be 
paid  for  and  fostered. 

In  one  company,  all  personnel  of  the  research  organization 
have  the  prefix  "research"  added  to  their  company  title,  so 
we  have  research  engineers ;  research  chemists.  I  never  in- 
quired whether  or  not  they  go  so  far  as  to  have  research 
janitors,  though  there  might  be  some  advantages  even  in 
that. 

But,  the  main  point  to  be  made  clear,  in  the  relation  be- 
tween control  and  research,  is  not  the  question  of  who  runs 
what  laboratory,  but  who  is  responsible  for  the  process  and 
material  specifications  which  are  the  bible  by  which  control 
operates.  Inspection  of  purchases  for  quality  of  process  and 
also  inspection  of  the  finished  product  to  see  that  it  meets 
standards, — all  these  depend  on  a  comparison  with  a  set  of 
standard  specifications  or  codes.  The  question  is,  who  sets 
up  these  codes  and  specifications  ?  The  primary  responsibility 
is  engineering,  but  since  many  engineering  departments  are 
really  only  glorified  drafting  departments,  there  is  a  tendency 
to  shift  responsibility  for  the  composition  of  a  given  bearing 
metal,  or  how  to  heat  treat  a  given  piece  of  steel,  to  those 
who  actually  work  with  these  things,  that  is,  to  the  company 
chemist  or  metallurgist.  As  has  been  said,  this  dependence 
of  engineering  on  the  laboratory  technician  is  all  right  if 
the  laboratory  man  has  sufficient  imagination  to  keep  ahead 
of  the  times;  to  know  what  materials  are  available,  or  can 
be  created  and  how  heat  treatment  can  be  improved.  In 
short,  if  he,  himself,  has  the  research  spirit. 
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There  has.  therefore,  come  to  he  in  many  larj^^e  companies, 
a  tendency  to  rec|uire  all  process  and  material  specifications 
to  haAe  the  approval  of  research,  wliich  thus  becomes  re- 
sponsible for  (piality  of  present  prothiction  as  far  as  con- 
cerns material  and  ])rocess.  \\\  this  means  there  has  ^rown 
up  a  curious  division  of  responsibility,  whicli  can  hardly  be 
justified  on  a  purely  administration  basis,  but  which  seems 
to  work,  in  some  cases.  An  ad\anta,i,^c  of  makinj;"  research 
responsible  for  the  material  specifications,  by  which  control 
operates,  which  is  often  cited,  is  that  it  keeps  the  research 
people  in  close  touch  with  quality  of  product  and  thus  gives 
them  the  necessarv  information  first  hand. 

In  General  Electric  and  other  lar^e  companies,  this  method 
is  not  used.  Partly  because  the  plants  are  widely  se])arated 
and  such  control  of  specifications  for  all  the  plants  is  im])rac- 
tical  and  ])artly  because  the  system  has  serious  defects.  Such 
divided  responsibility  is  contrarv  to  i^ood  orj^anization  and 
it  tends  both  to  lower  the  (juality  of  the  desi<,m.  which  cannot 
thus  easily  be  separated  from  material  specifications.  Worse 
still,  this  responsibility  for  material  s])ecifications.  puts  work 
on  research  personnel,  which  is  not  research  at  all.  Ihe  best 
procedure  is  to  consider  the  service  which  research  may  at 
times  give  to  engineering  in  drafting  and  improving  speci- 
fications; to  be  a  consulting  function  of  research;  to  be  ])aid 
for  bv  engineering,  and  charged  to  the  job.  just  as  any  other 
consulting  work  done  for  engineering  is  done. 

This  does  not  mean  that  research  should  not  be  in  touch 
with  process  and  material  s])ecifications.  .As  a  matter  of 
liaison.  co])ies  of  all  material  specifications  should  be  routed 
to  research.  Xor.  does  it  mean  that  research  should  not, 
from  time  to  time,  make  suggestions  to  engineers  how  given 
specifications  could  be  improxed.  lUit.  it  does  me.an  that  the 
research  lal)orator\-  should  not  be  considered  a  glorified  com- 
bination of  analytical  chemists,  of  metallurgists,  and  other 
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specialists,  whose  function  it  is  to  control  the  quality  of  ma- 
terial and  nature  of  plant  operation. 

There  is  hut  little  to  be  said  about  the  relation  of  research 
to  production,  except  the  obvious  fact  that  what  is  invented 
has  to  be  manufactured.  It  is  the  function  of  engineering 
to  bridge  the  gap  between  the  idea  and  the  factory,  but  it  is 
none  the  less  incumbent  upon  research  men  to  learn  in  a 
general  way  the  manufacturing  processes.  In  one  company, 
at  least,  it  is  the  practice,  on  hiring  men  for  research,  to  re- 
quire them  to  spend  some  time  in  the  factory,  learning  the 
manufacturing  processes  employed  in  that  company.  Regular 
first  hand  contact  between  factory  and  research  should  be 
provided,  because  it  is  just  as  much  a  function  of  research 
to  improve  manufacturing  processes  as  to  produce  a  new^ 
article.  The  conflict  of  responsibility  between  engineering 
and  research  can  be  taken  care  of.  most  easily,  by  requiring 
that  all  suggestions  of  improvements  be  made  to  engineering 
so  that  they  are  carried  out  through  the  regular  machinery : 
Research  to  Engineering  to  Factory.  But,  this  must  not  stop 
the  direct  contact  between  factory  and  research,  as  far  as 
concerns  transfer  of  information.  In  short,  the  suggested 
flow  sheet  chart,  for  ideas,  becomes 

Research  ^    Engineering  ^   Factory 

These  are  matters  the  smart  research  director  will  handle, 
in  spite  of  organization  charts,  by  building  up  personal  rela- 
tion with  the  factory  superintendent. 

I  now  pass  to  relations  between  research  and  patents.  I 
am  partly  repeating  in  all  that  has  been  said  before,  because 
the  point  of  view  is  different.  In  general,  the  product  of 
research  is  things  and  ways  of  making  things  which  meet 
the  formal  reciuirements  for  a  good  U.  S.  patent,  i.e.  they 
must  be  novel ;  they  must  be  useful  and  they  must  l)e  such 
that  inventive  skill  is  required. 
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It  may  not  be  that  it  is  advisable  to  actually  take  out  a 
patent  on  the  products  of  research  (though  it  usually  is  ad- 
visable to  do  so)  but  it  is  convenient  to  evaluate  the  work 
of  research  in  terms  of  patents  it  obtains  or  could  obtain. 
This  is  a  hard  hearted  point  of  view,  which  does  not  appeal 
to  some  research  executives,  but  it  has  its  advantages  when 
it  comes  to  evaluation  of  the  result  of  research  effort  in  con- 
crete dollar  and  cents  terms  and,  therefore,  it  is  advantage- 
ous for  the  research  director  to  accept  this  measure  of  value. 

Again  in  practical  terms,  this  means  that  the  relationship 
between  research  and  the  patent  attorney  must  be  very  close 
and  rather  carefully  defined,  for  the  work  of  the  patent  de- 
partment can  and  has  made  or  broken  many  research  organi- 
zations. 

In  some  companies,  the  patent  department  is  a  subsidiary 
of  the  research  organization.  This  has  its  difficulties,  because 
the  work  of  obtaining  patents  can  hardly  be  separated  from 
the  work  of  defending  patents  through  the  courts.  This 
work  of  prosecution  of  infringements,  protection  against 
suits  claiming  infringement,  arrangement  of  patent  licenses, 
both  as  licencee  and  licensor,  are  matters  which  involve  the 
company  as  a  whole  and  are  thus  matters  of  executive  policy, 
rather  than  research  policy.  Hence,  here  it  is  assumed  that 
the  work  of  preparing  patents  rests  in  the  general  legal  de- 
partment, which  is  responsible  to  the  president  of  the  com- 
pany directly. 

Now  the  business  of  preparing  a  patent  and  prosecuting 
it  through  the  U.  S.  patent  office  is  a  complicated  one.  in- 
volving many  steps. 

First,  someone  gets  an  idea.  There  is  a  delightful  legal 
fiction  that  conception  of  an  idea  is  a  single  act  to  which  a 
date  can  be  jnit,  and  prcn'cu,  but  in  reality,  ideas  sort  of 
creep  up  on  one.  However,  if  a  patent  is  to  be  obtained  and 
j)rotected,  one  must  furnish  the  patent  attorney  with  a  writ- 
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ten  record,  signed,  witnessed  by  others  and  explained  to 
others,  stating  that  A  on  the  date  B  invented  C,  It  takes 
both  humor  and  experience  to  appreciate  the  absurdities  and 
trouble  this  simple  sounding  requirement  can  cause. 

Usually  there  really  isn't  an  inventor.  A  conception  of 
idea  usually  requires  the  copulation  of  at  least  two  minds. 
Who  in  this  case  is  the  inventor?  Of  course,  it  is  possible 
to  file  an  invention  in  the  names  of  two  or  more  inventors, 
but  from  the  legal  standpoint,  that  process  has  disadvantages 
which  need  not  be  gone  into.  Since  the  whole  process  is  un- 
real, the  best  one  can  do  is  to  say  that  the  inventor  is  the 
one  who  said  he  invented  it,  i.e.  the  man  who  first  wrote 
down  on  paper  and  signed  his  name  to  what  is  called  a  dis- 
closure; but  is  really  a  very  imperfect  description  of  some- 
thing which  the  inventor  thinks,  in  a  moment  of  enthusiasm, 
may  be  novel  and  useful. 

Simple  as  this  test  is  for  recognizing  an  invention,  in  actual 
practice,  difficulties  arise  due  to  one  of  several  reasons.  The 
first  is  that  conception  is  seldom  a  complete  act.  It  is,  in  the 
case  of  ideas,  a  process  taking  months  or  years  to  consum- 
mate. What  one  patents  is  a  process,  composition  or  appara- 
tus described  in  one  fantastic  sentence — a  patent  claim.  Now 
no  research  man  nor  anyone  else,  in  his  right  mind  and  with 
proper  respect  for  the  English  language,  ever  writes  down 
in  his  note  book  exactly  that  group  of  words  called  a  patent 
claim.  The  birth  of  that  monstrosity  is  left  to  the  patent 
attorney,  but  the  claim  is  the  essence  of  the  patent,  and  the 
date  of  conception  is  the  date  when  the  apparatus  or  process 
was  described  as  written  in  the  claim.  This  date  will  differ 
with  every  claim.   What  date  is  then  to  be  used? 

There  seems  to  be  no  very  clear  answer.  Curiously  the 
issue  has  never  been  clearly  defined  by  the  courts,  but  for 
commercial  reasons  it  is  wise  to  date  back  as  far  as  possible, 
making  sure  only  that  the  conception  process  has  no  artificial 
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interruptions  but  Hows  on  naturally.  It  is  also  wise  to  take 
the  precaution  to  file  as  soon  as  possible,  as  in  a  case  of  inter- 
ference the  party  who  hies  first  has  a  \  ery  real  advantage. 

The  other  difliculty  arises  from  personal  considerations. 
This  can  be  very  real  indeetl.  SupjKJse  A  first  sij^ned  his 
name  to  a  disclosure  to  an  invention  which  \\  thouj^ht  he 
invented,  or  suppose  A  had  only  the  first  iniinilse  to  mental 
procreation  and  that  the  actual  act  was  done  by  others.  This 
is  often  the  case.  Then  jealousies  are  sure  to  ari.se  particu- 
larly if,  as  suggested  here,  rewards  are  based  in  part  on 
inventive  skill. 

Inventions,  human  nature  being  as  it  is,  involve  delicate 
matters  of  human  relations.  It  is  the  responsibility  of  the 
research  director  to  solve  these  problems  or  soothe  them. 
The  general  question  of  rewards  will  be  taken  up  later.  The 
best  method  of  solving  the  question  of  conception  date  is 
keeping  proper  records  and  since  most  technical  men  are  in- 
credibly careless  in  regard  to  records,  it  becomes  a  joint 
responsibility  of  laboratory  and  patent  departments  to  set  a 
system  of  record.  Such  records  should  be  kept  in  permanent 
form ;  not  only  those  ideas  which  will  later  be  the  basis  of 
a  proof  of  conception  date,  but  every  activity  of  everyone 
in  the  laboratory  which  can  possibly  bear ;  not  only  on  the 
conception  of  ideas,  but  who  was  told  about  it,  when  and 
what  decisions  were  made  and  what  actual  work  was  done, 
so  that  at  some  later  date,  which  may  be  twenty  years  later. 
every  step  in  the  process  of  invention  can  be  proven.  To 
see  what  this  means,  every  research  director  and  vice-presi- 
dent in  charge  of  engineering  should  take  a  week  off,  at  com- 
pany pay,  and  attend  a  patent  suit  where  the  point  in  issue 
is, — which  of  two  or  more  parties  should  have  title  to  a  given 
invention.  Such  suits  grow  out  t)f  interference  ])roceedings 
in  the  ])atent  office  and  sometimes  (jlherwise.  It  is  necessary 
to  go  through  these  things,  hrst  hand,  to  know  the  impor- 
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tance  of  good  record  keeping;  in  plain  dollars  and  cents. 
According  to  the  accepted  practice  of  the  courts  and  patent 
office,  if  an  inventor  is  to  retain  his  ownership  of  an  inven- 
tion, he  must  be  able  to  prove  by  written  records  supported 
by  verbal  testimony  that  ( 1 )  He  was  the  inventor,  which 
usually  means  a  witnessed  statement  under  his  signature 
that  on  such  a  date  he  invented  so  and  so;  (2)  that  the  thing 
invented  at  that  time  is  fairly  described  in  the  specification 
of  the  patent  and  specifically  described  in  the  claim;  (3)  that 
he  disclosed  the  invention  to  others  who  must  testify  that 
he  did  so,  or  state  on  their  signature  that  the  herein  de- 
scribed invention  was  disclosed  to  them  at  such  a  date,  and 
(4)  that  the  in\ention  was  reduced  to  practice  on  such  and 
such  a  date,  which  usually  means  that  apparatus  was  built 
and  operated  on  such  a  date  and  produced  the  results  claimed. 
The  courts  have  often  held  that  it  is  insufficient  to  build 
an  electrical  switch,  hold  it  in  the  hand  and  snap  it  (which 
to  any  sensible  man  gives  enough  information  to  make  sure 
it  will  work).  It  must  actually  break  an  electric  current,  if 
that  is  what  it  is  claimed  to  do.  Sometimes  it  is  not  neces- 
sary to  Imild  a  machine  at  all,  but  in  those  cases  the  date  of 
filing  the  patent  is  held  to  be  constructive  reduction  to  prac- 
tice. This  is  a  legal  fiction  which  leads  to  many  injustices. 
Then  it  must  be  shown  (5)  that  due  diligence  was  shown 
between  the  times  of  conception,  reduction  to  practice  and 
filing.  Due  diligence  is  defined  as  continuous  acti\ity  in  the 
field  of  the  invention  between  time  of  conception  and  tiling, 
exception  being  made  for  such  delays  as  are  re(|uire(l  by 
lack  of  facilities  and  other  causes  outside  of  the  control  of 
inventor  or  employer.  In  practice,  therefore,  a  system  of 
research  records  should  include  a  com])leted  day  to  day  ac- 
count of  the  activities  of  the  inventors  and  his  associates, 
in  connection  with  the  inventions  and  its  variants,  including 
the  date  of  ordering  material,  date  of  construction,  date  of 
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tests,  as  well  as  an  account  of  various  variant  ideas,  foolish 
or  otherwise,  which  came  out  of  the  work.  All  of  this  should 
be  signed,  or  in  handwriting  and  must  he  dated  and  sup- 
ported by  the  evidence  of  others. 

One  of  the  greatest  services  a  patent  department  can  render 
research  is  to  set  up  such  a  system  of  records,  and  to  see 
to  it  that  they  are  kept.  In  one  very  successful  company,  it 
is  required  ( 1 )  that  every  person  in  research  keep  a  com- 
plete personal  diary,  which  is  submitted  to  the  patent  depart- 
ment every  two  months,  whereupon  it  is  photostated  and 
the  photostat  dated  and  witnessed  and  iiled  in  the  company 
vaults;  (2)  that  every  new  research  project  shall  be  written 
up  in  such  a  way  that  new  ideas,  if  any,  are  described,  signed 
copies  being  sent  to  the  patent  department,  and  (3)  that  an 
addition  to  the  diary  record,  every  worker  must  keep  an 
idea  or  invention  file,  or  disclosure  file,  accessible  to  the 
patent  department  and  that  all  material  relating  to  any  new 
idea  be  filed  therein.  However,  the  best  procedure  of  all  is 
to  consider  that  the  patent  attorney  is  an  ex  officio  member 
of  the  research  department  to  be  called  in  for  all  confer- 
ences where  new  projects  are  underway,  and  with  free  access 
to  all  research  projects  underway. 

It  is  really  surprising  how  many  inventions  actually  origi- 
nate in  the  mind  of  the  patent  attorney.  With  his  more  com- 
plete knowledge  of  the  "art,"  that  is  to  say,  the  issued  patents 
on  a  given  subject,  he  is  in  an  advantageous  position  to 
know  that  a  given  idea  is  new,  which  to  the  engineer  or 
scientist  may  be  so  obvious  that  it  is  not  even  worth  a  patent. 
So  true  is  this  and  so  difficult  and  imi)ortant  is  the  task  of 
actually  writing  down  in  legal  terminology  the  exact  nature 
of  what  is  invented  that  some  patent  attorneys  like  to  say 
that  the  attorney  is  in  all  cases  the  real  inventor.  I  would 
not  go  as  far  as  that,  but  the  remark  will  serve  to  point  to 
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the  \ery  real  contribution  that  a  patent  attorney  can  make 
to  research. 

This  is  an  inadequate  description  of  the  relation  of  the 
patent  attorney  to  the  research  laboratory,  but  some  parts 
of  this  subject  will  be  taken  up  later. 

The  next  department  whose  relation  to  research  produces 
interesting  problems  in  organization  is  sales.  The  research 
man  is  rather  apt  to  treat  the  sales  department  as  a  collec- 
tion of  men  high  in  temperament  and  low  in  intelligence. 
Candor  compels  the  remark  that  much  of  the  experience  of 
the  research  director  with  sales  rather  tends  to  strengthen 
this  analysis.  Yet,  sales  of  a  product  is  what  eventually  pays 
for  research,  as  well  as  for  every  other  activity  of  the  com- 
pany. Sales  executives  are  overly  fond  of  pointing  this  out, 
' — somewhat  unfairly.  P'rom  a  point  of  fact,  research  sup- 
])ort  comes  from  capital  rather  than  income.  But,  it  is  un- 
deniable that  from  sales  must  come  the  greater  part  of  those 
facts  which  suggest  the  use  of  changes  in  the  product,  or 
need  of  new  products. 

This  is  because  sales  has  under  its  hand  the  three  great 
sources  of  dissatisfaction  from  which  industrial  progress 
comes.  ( 1 )  What  is  wrong  with  what  is  sold  as  found  out 
by  service  calls?  (2)  What  improvements  the  customer 
would  like  to  have,  as  discovered  by  the  salesman  meeting 
sales  resistance?  (3)  What  effect  competitive  products  are 
having  on  sales  as  is  discovered  from  sales  charts? 

It  is,  therefore,  a  part  of  wisdom  to  keep  the  closest  con- 
tact between  research  and  sales.  One  of  the  many  reasons 
why  it  is  advantageous  to  keep  research  separate  from  engi- 
neering and  more  directly  under  administration,  is  to  make 
it  possible  for  the  research  director  to  sit  in  on  meetings  in 
a  position  of  e((uality  with  the  vice-president  in  charge  of 
sales,  so  that  there  will  be  no  artificial  barriers  between  sales 
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and  rcscarcli.  It  is  often  a  \cry  useful  tliinj^^  for  tlie  research 
man.  who,  unfortunately,  is  not  often  sales  minded,  to  he 
educated  in  tlie  feelint;  tiiat  tliere  is  a  customer  looking-  rii^lit 
over  his  slioulder  at  every  move  lie  makes.  It  mi^dit  he  a 
good  thing  if  all  research  men  would  take  a  com])any  course 
in  salesmanship. 

The  practical  i)oini  is  that  there  must  he  set  up  a  per- 
sonal relationship  hetween  sales  and  research  executives,  so 
that  there  flows  into  research  the  feeling  of  what  is  wrong 
with  the  product;  what  improvements  should  he  made  in  ad- 
vance of  competition  and  what  improxements  must  he  made 
to  meet  competition.  This  information  must  (low  to  research 
not  in  the  form  of  written  reports,  which  are  too  late,  hut 
must  come  to  him  almost  hefore  salesmen  themselves  arc 
aware  of  the  situation.  Like  the  relation  hetween  patents 
and  research,  the  relation  of  sales  and  research  must  he  ex- 
pressed in  personal  contacts,  rather  than  in  formal  lines  on 
an  organization  chart. 

You  know  research  has  found  success  when  you  see  re- 
search men  hecoming  welcome  visitors  to  sales  conferences; 
going  on  golf  dates  with  salesmen,  giving  occasional  pep 
talks  to  sales  convention:. ;  in  short,  entering  into  the  informal 
rather  than  the  formal  relationships  in  which  husiness  men 
get  to  know  and  trust  one  another. 

There  are  admitted  dangers  in  this.  Sales  is  a  good  friend, 
hut  a  poor  master  and  the  research  can  often  do  the  service 
man,  or  even  the  salesman,  a  favor  in  helping  with  a  tough 
sale  or  service  situation.  It  must  he  clearly  understood  that 
research  must  he  paid  for  work  done  for  sales  and  service. 

Though  it  has  nothing  much  to  do  with  the  issue  at  hand, 
I  will  at  this  point  take  the  salesman's  prerogative  and  tell 
a  story ; 

( )nce  I  was  concerned  with  the  development  of  a  new 
type   of    domestic    refrigerator — call    it    the    Carnot.     This 
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gadget  was  operated  by  heat,  somewhat  hke  the  Servel  Elec- 
trolux  Refrigerator.  In  it,  as  in  the  Servel,  there  was  am- 
monia gas  under  high  pressure.  This  machine  included  valves 
and  other  things  that  occasionally  stuck  and  also  a  solid  salt, 
which  under  some  conditions,  by  a  coml)ination  of  mishaps, 
could  develop  sufficiently  high  pressure  to  explode  the  ma- 
chine. Carnots  were  more  or  less  experimental,  but  they  had 
gotten  far  enough  along,  so  that  field  tests  were  desirable. 
Therefore,  se\eral  hundred  were  made  and  sold,  in  order 
to  see  what  troubles  would  develop,  when  used  in  the  kitchen 
of  the  average  home.  This  was  a  large  company  with  large 
business  connections.  When  anything  new  comes  out,  news 
gets  around  and  the  executives  of  big  utilities  hear  of  it  and 
often  like  to  try  it  out  in  their  own  home,  of  course,  as  a 
gift.  In  this  case,  one  of  these  Carnots  was  placed  in  the 
kitchen  of  a  chief  executive  of  one  large  southern  gas  com- 
pany. Naturally,  my  company  was  anxious  to  make  a  good 
impression,  as  this  company,  if  interested,  would  be  able 
to  sell  for  us  many  thousand  new  Carnots.  Thus  it  was  no 
surprise  when  I  was  called  in  the  middle  of  the  night  by 
long  distance  and  told  that  the  Carnot  in  Mr.  Gas  Execu- 
tive's kitchen  had  blown  up  and  hurt  their  cook  and  to  get 
to  the  airport  pronto.  A  chartered  plane  was  waiting  to  take 
me  to  Georgia.  I  was  only  a  consultant,  but  that  was  an 
advantage  from  the  company's  point  of  view,  as  I  was  theo- 
retically an  outside  expert  called  in  to  view  the  wreckage 
(and  the  cook)  and  find  out  what  caused  the  trouble. 

Not  too  early  next  morning  I  was  calling  at  Mr.  Gas 
I'^xecutive's  wonderful  southern  home  on  the  outskirts  of 
a  large  southern  city.  Mr.  Gas  I^xecutive  had  gone  to  work. 
1  had  planned  it  this  way,  knowing  that  our  real  prol)lem 
was  with  Mrs.  Gas  Executive.  Mrs.  Gas  I^xecutive  was  a 
gracious  lady,  not  too  much  disturbed  by  the  fact  that  her 
kitchen  smelled  like  a  stable  (from  the  ammonia)  and  looked 
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like  it  had  been  through  a  flour  fij^^ht  due  to  the  powdered 
chemical  which  had  blown  everywhere.  \\  hat  worried  her 
was  Mandy,  the  colored  cook.  Mandy  was  not  seriously  hurt, 
but  Mrs.  Gas  Executive  was  afraid  Mandy  would  be  afraid 
to  come  back  to  work.  If  one  has  had  a  real  good  southern 
cook,  one  can  imagine  what  a  tragedy  that  would  be.  So, 
we  went  and  called  on  Mandy.  Mandy  was  enjoying  lying 
on  her  side  on  a  hospital  bed — she  couldn't  sit  up.  "Mandy," 
said  1  "what  hap{Xjned?"  "Well,  sah,"  she  said,  "I'se  a  sittin' 
on  my  stool  in  front  of  that  there  Carrot  machine,  peeling, 
'taters."  (We  had  already  seen  the  one  legged  stool  of  the 
type  often  used  in  southern  kitchens.  The  leg  had  been  cut 
off  sharp  by  a  flying  piece  of  metal ) .  "Then  what  happened, 
Mandy?"  I  asked.  "I  don'  know  rightly,  sail,  but  fust  thing 
I  know'd  de'  stool  it  was  knocked  right  out  from  under  me 
and  as  I  come  down  de  leg  it  sure  poked  me  for  fair!" 


Chapter  VIII 

THE  EQUIPMENT  OF  THE 
LABORATORY 


The  previous  chapter  sets  down  the  general  principles  gov- 
erning research  laboratories  and  these  principles  should  be 
properly  understood  by  all  executives  before  founding  a 
laboratory.  Much  of  the  trouble  that  research  laboratories 
have  had  has  been  due  to  the  failure  of  the  management  to 
realize  exactly  what  a  research  laboratory  is  and  to  provide 
a  proper  place  in  the  corporate  structure  for  it.  These  mat- 
ters of  organization  can  be  done  best  before  the  laboratory 
is  founded,  rather  than  after.  For  this  reason  much  atten- 
tion has  been  paid  to  them  in  previous  chapters. 

Knowing  all  these  things,  the  president  of  the  company 
goes  to  his  Board  and  oljtains  permission  to  found  a  research 
laboratory. 

The  first  step  in  the  founding  of  a  laboratory  is  to  hire  a 
director.  Sometimes  laboratories  grow  up  in  companies  by 
a  sort  of  internal  concretion,  something  like  a  pearl  in  an 
oyster.  But  the  chance  of  finding  a  good  research  director 
inside  of  a  manufacturing  organization  is  something  like 
finding  a  diamond  in  Kansas.    It  has  been  done,  but  rarely. 

Few  companies  would  build  a  sales  department  by  letting 
one  of  the  boys  grow  up  to  the  job.  It  can  be  done,  but  it 
is  recognized  that  it  is  wiser  to  have  the  advantage  of  a  new 
point  of  view. 

91 
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So  with  rescarcli..  I  lu-re  soiiRtiiiKs  is  in  the  (jr,i;anizati(jn 
someone  who  could  he  considered  as  a  ])(;tential  liead  for 
research  hecause  he  is  a  sort  of  a  "nut"  and  not  of  much 
use  where  he  is.  i>ut  don't  do  it.  The  xahie  of  a  research 
man  lar<(ely  rests  on  the  e.\i)erience  he  has  iiol  had  in  the 
company. 

One  is  liirinj;'  a  man,  not  for  what  he  knows,  l)Ut  for  wliat 
he  can  learn,  and  detailed  background  in  the  company  and 
often  even  in  the  business  is  a  disadvantage  rather  than  an 
asset. 

This  simple  fact,  that  the  most  important  re(iuirement 
of  a  research  director  and  of  all  research  men  is  an  ability 
to  look  at  the  company's  problems  from  a  jioi'cl  point  of 
view^  Thisiias  been  the  reason  why  so  few  industrial  labora- 
tories have  research  staffs  that  are  as  pro(lucti\e  as  they 
should  be. 

In  most  industrial  laboratories  which  I  ha\e  seen,  the 
quality  of  the  men,  even  the  highly  paid  directors,  is  sadly 
below  the  standards  of  those  few  laboratories  which  which 
have  realized  either  by  sad  ex|Xirience,  or  instinct,  that  the 
true  source  of  ideas  is  background,  and  that  the  more  diverse 
that  background  the  more  likelihood  of  invention. 

The  wise  laboratory  will  hire  its  new  director  from  out- 
side, not  by  promotion.  From  where.''  And  how  to  choose 
him  ? 

There  is  no  school  teaching  the  art  of  research  direction. 
There  should  be,  but  there  isn't.  At  present  the  usual  source 
of  research  directors  is  the  faculty  of  the  universities,  and 
research  men  from  other  companies.  Actually  most  of  the 
successful  research  directors  were  taken  directly  from  the 
colleges.  Coolidge  of  (leneral  bJectric;  Condon  of  Westing- 
house;  Stine,  Calcott  and  Tanburg  of  duPont  are  examples. 
However,  it  is  also  true,  although  it  would  not  be  polite  to 
give  examples,  that  the  procedure  of  picking  out  research 
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directors  from  collc,y^es  has  produced  an  occasional  misfit. 
It  is  r;lso  true  that  the  successful  college  professor  has  by 
his  training-  and  concej)tion  of  research  much  to  unlearn  in 
industry.  Research  in  the  university  and  in  the  (General 
Electric  Company  are  two  vastly  different  things;  regardless 
of  how  much  juiblicity  men  try  to  smooth  this  fact  over. 

The  mortality  of  college  professors  in  industry  would  be 
even  higher  if  they  w^ere  not  allowed  to  do  consulting  work 
and  thus  adapt  themselves  to  the  industrial  point  of  A'iew. 
If  one  wants  to  hire  a  college  professor  for  research,  my 
suggestion  is  to  try  him  out  first  as  a  consultant,  and  not 
judge  his  ability  by  what  he  does  or  knows,  but  by  how  he 
is  al)le  to  handle  his  personal  and  non-scientific  relations  to 
the  company. 

The  research  director  must  be  first  of  all  one  who  under- 
stands the  processes  of  invention  and  who  can  stimulate 
and  i)rotect  them.  He  need  not  be  an  in\-entor  himself, 
though  that  is  a  pretty  good  test  of  understanding.  Gener- 
ally speaking,  one  of  the  best  recommendations  a  candidate 
for  director  has  is  a  list  of  good  patents  in  his  name. 

Second,  the  research  director  must  be  a  man  who  knows 
the  people  working  in  the  field,  from  which  his  personnel 
must  be  drawn.  Here's  where  the  college  professor  shines. 
He  has  the  habit  of  attending  scientific  conventions  and  thus 
learns  to  know  his  peers.  Ask  on  your  questionnaire:  "On 
what  scientific  committees  have  you  served?"  Your  director 
is  in  one  sense  a  member  of  your  personnel  department.  The 
success  of  his  laboratory,  if  a  new  laboratory,  is  going  to 
be  largely  measured  by  his  success  in  hiring  the  proper  young 
men;  judging,  with  proper  discrimination,  the  recommenda- 
tions of  colleges  and  departments  from  which  they  are 
largely  drawn. 

Third,  the  director  must  be  able  to  sell  himself  to  your 
organization.    This  job  is  that  of  a  salesman,  or  a  peddler, 
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whose  stock  is  ideas.  \'()ii.  the  executive,  are  the  customer, 
as  is  your  chief  ent^ineer.  Pick,  therefore,  if  possihle  a  man 
with  human  contacts,  wlio  has  hohbies  ;  ])lays  ^^olf ;  who  while 
in  colle^^e  went  into  outside  activities;  who  runs  the  country 
club  and  who  has  a  sense  of  humor. 

It  is  hard  to  elaborate  more  than  this,  but  all  who  have 
hired  successful  salesmen  know'  these  symptoms. 

I  know  that  there  are  many  who  will  he  horrified  at  this 
and  who  think  of  research  as  being  a  holy  profession,  where 
being  an  unsocial  i^erson  is  a  sine  qua  nan  of  success,  but 
closer  experience  with  the  Brahmins  of  research,  Langmuir ; 
Kettering;  Steinmetz ;  I^dison;  Herty;  Midgley,  the  elder 
and  younger  Dow  and  Baekeland  will  show  that  with  those 
with  whom  they  want  to  work  they  are  charming  persons 
socially. 

The  research  director  must  sell  himself  to  the  president 
of  his  company,  for  without  confidence  of  the  organization, 
no  one  can  win  in  the  difficult,  trying  and  thankless  job  of 
building  up  a  research  organization. 

So  far,  nothing  has  been  said  about  scientific  ability  and 
practical  experience  in  the  field  and  nothing  will  be  said  be- 
cause the  importance  of  that  phase  is  too  much  exaggerated. 

Coolidge's  experience  when  he  came  with  the  General 
Electric  Company  to  work  on  tungsten  had  been  with  the 
properties  of  solutions  at  high  pressures.  Condon  was  known 
for  his  work  on  the  theory  of  spectra.  Midgley  was  a  civil 
engineer.  Kettering  was  working  on  cash  registers.  Frolich 
was  a  petroleum  chemist.  Stine  was  an  organic  chemist  in 
an  agricultural  college.  Would  you  hire  a  civil  engineer  to 
work  on  refrigerants,  or  an  oil  chemist  to  work  on  rubber? 

Hiring  a  research  director,  like  hiring  any  executive,  takes 
a  divining  rod  on  the  side,  but  short  of  stealing  a  proven 
man  from  the  research  laboratory  of  some  non-competitive 
business;,  — I  can  suggest  no  l>etter  formula  than  this:  Line 
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them  all  up.  Point  a  gun  at  them.  Shoot  them  one  by  one. 
Then  hire  the  one  who  said,  "Shoot  me  first,"  and  who  just 
before  he  died  asked,  "What  was  the  muzzle  velocity  of 
that  gun?"  You  are  hiring  a  man  for  mental  courage;  mental 
aggressiveness  and  mental  curiosity. 

Having  hired  the  research  director,  the  next  step  is  to 
support  him  by  giving  him  the  proper  tools  with  which  he 
can  work.  Most  executives  visualize  a  research  laboratory 
as  a  building  filled  with  expensive  and  strange  looking  equip- 
ment— mostly  idle.  If  you  ask  to  see  the  research  laboratory, 
this  is  what  is  shown  you.  The  fact  is  that  more  money  is 
wasted  on  elaborate  equipment  and  fine  quarters  than  can 
be  justified  in  most  companies,  except  as  advertising  and 
publicity.  The  best  work  of  research  that  I  know  of,  being- 
done  today,  is  being  done  in  shabby  quarters  and  with  bor- 
rowed and  broken  down  equipment.  Beware  of  any  research 
director  who  likes  large  appropriations  for  building  and 
equipment. 

The  strength  of  a  laboratory  is  to  be  judged  not  by  the 
acres  of  land,  or  the  square  feet  of  working  space,  but  by 
the  number  of  square  inches  of  frontal  lobes  owned  by  the 
staff  of  the  laboratory.  That  is,  if  the  frontal  lobe  is  the 
place  in  a  man's  brain  where  new  behavior  patterns  are  estab- 
lished. 

The  primary  job  of  the  director  is  that  of  an  employment 
agent.  How  good  he  is,  is  measured  by  how  good  are  the 
men  he  can  pick  and  keep — other  measures  are  subordinate 
to  that. 

All  large  companies  have  a  personnel  system  whereby 
they  hire  stenographers,  mechanics,  salesmen  and  other  em- 
ployees. The  government  with  its  civil  service  attempts  to 
apply  the  same  process  to  its  scientific  personnel  who,  in 
theory,  must  pass  competitive  examinations.  However,  ex- 
aminations,  no  matter  how  severe,   fail   absolutely  to  dis- 
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criniinutc  between  research  ability  and  college  records. 
Examinations  may  and  do,  in  the  government,  serve  to 
eliminate  the  hopelessly  unrtt  who,  under  government  rules, 
can  apjjly.  But  in  actual  practice  most  government  jobs  of 
the  research  type  are  "fixed"  by  the  chief  involved.  The 
usual  ])rocedure  is  for  the  chief  to  choose  his  man  by  inter- 
\iew,  and  then  write  the  examination  requirements  so  that 
only  that  man  can  (pialify.    This  is  for  the  higher  ranks. 

In  industrial  research,  there  is  no  short  cut  to  the  choice 
of  personnel  short  of  application,  interview  and  prayer. 
Some  say  they  can  tell  research  men  by  the  cut  of  their 
liair,  but  I  can't.  Some  other  method  usually  has  to  be  used 
to  judge  them,  especially  for  the  boys  just  out  of  college. 

It  is  (|uite  proper  and  necessary  to  choose  a  research  di- 
rector of  the  best  possible  personality,  ikit  of  the  young 
men  and  women  who  must  form  the  body  of  the  research 
laboratory  personality  is  a  weak  link  on  which  to  depend. 
Tests  of  fitness,  more  objective  than  the  impression  made 
during  an  interview,  should  be  used. 

Some  say  that  there  is  no  way  to  tell  in  advance  whether 
a  young  man  just  out  of  college  or  graduate  school  will  make 
good  in  industrial  research.  This  may  be  true  in  particular 
cases  but  there  are  symptoms  of  a  good  research  man  which 
even  a  too  diffident  or  too  confident  manner  cannot  hide. 

The  first  of  these  is  the  college  record.  The  best  re- 
search men  are  not  all  A  men.  That  often  means  single- 
mindedness  of  purpose  which  places  all  emi)hasis  on  the 
particular  subjects  studied.  The  best  research  men  may  not 
even  make  the  best  impression  on  their  college  instructors. 
It  is  extremely  important  though  to  get  the  opinion  of  the 
student's  instructor  (if  you  know  the  nature  of  the  in- 
structor). The  best  man  for  research  is  the  man  with  an 
original  point  of  view  which  ma}  be  shown  by  the  fact 
that  he  has  dared  to  deviate  from  the  standard  courses  and 
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has  taken  queer  and  wonderful  electives.  One  I  knew  of- 
fered, for  a  degree  in  chemistry,  as  minors,  mathematics 
and  Sanscrit.  It  is  the  student  who  combines  chemistry 
with  botany,  radio  engineering-  w^ith  thermodynamics  who 
makes  good  in  industrial  research.  It  is  the  man  who  changed 
his  school  and  who  changed  his  thesis  subject  in  the  middle, 
because  he  disagreed  with  them,  who  warrants  consideration. 

Ask  a  man  about  his  hobbies  and  outside  interests.  A 
stamp  collector  I  know  of  is  responsible  for  an  important 
improxement  in  business  machinery.  Look  for  men  who 
have  worked  or  studied  summers  in  related  but  not  identical 
lines.  Don't  hire  men  from  your  own  companies  training 
school.  Don't  promote  from  other  departments  and  don't 
hire  your  competitors  research  men  on  the  strength  of  what 
they  know.  You  should  hire  them  for  what  they  don't 
know — and  can  find  out. 

Research  ability  grows  by  placing  men  of  unusual  back- 
ground and  curiosity  in  a  new  situation  with  the  incentive  and 
power  to  act.  Research  management  provides  the  new  situ- 
ation and  the  incentive.  The  laboratory  provides  the  power 
to  act;  the  training  of  the  men  and  the  novel  background. 
God  knows  what  provides  curiosity. 

The  Cjuestion  of  building  and  equipment  is  secondary 
indeed. 


Chapter  IX 

TECHNICAL  CONTROL  OF  THE 
LABORATORY 


The  research  laboratories  which  are  most  successful  are, 
as  a  rule,  organized  in  patterns  which  are  surprisingly  alike. 
The  organization  chart  of  a  typical  laboratory  is  shown  in 
Figure  1.  This  chart  also  shows  the  relation  of  the  labora- 
tory to  the  other  divisions  of  the  company.  The  lines  on 
this  chart  are  lines  of  authority,  not  of  communication. 

Usually,  the  work  of  the  laboratory  is  divided  into  various 
divisions,  each  under  a  division  chief.  In  the  best  labora- 
tories these  division  chiefs,  meeting  together,  constitute  the 
director's  technical  advisor  or  executive  board.  The  di- 
rector if  he  is  wise  will  submit  to  this  executive  board  all 
major  technical  problems  which  come  before  him.  not  to 
delegate  authority  but  to  obtain  advice.  Under  these  di- 
visional chiefs  come  the  group  leaders,  that  is,  the  men  re- 
sponsible for  the  work  on  a  particular  problem.  I'sually 
these  group  leaders,  besides  being  responsible  for  the  man- 
agement of  the  problem,  are  actually  part  of  the  working 
team.  Under  each  of  these  group  leaders  and  working  with 
them  come  the  necessary  aids  and  assistants  who  do  the 
greater  part  of  the  actual  work  and  often  produce  the  greater 
part  of  the  ideas. 

There  are  two  schools  of  thought  on  how  to  di\ide.  among 
the  divisions,  the  various  problems  which  come  before  the 
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laboratory.  In  most  of  the  successful  laboratories,  problems 
are  assiji^ned  to  the  various  divisions  on  the  basis  of  some 
classification  of  the  problem  in  respect  to  subject  matter. 
Thus,  in  one  laboratory,  all  problems  having-  to  do  with 
phvsics  go  to  a  physics  division,  those  having  to  do  with 
inorganic  chemistry  go  to  an  inorganic  dixision.  and  so  on 
to  divisions  of  organic  chemistry,  electricity,  mechanics,  etc. 
Since  manv  of  the  problems  coming  before  a  research 
laboratory  are  of  the  type  which  do  not  fall  into  ready- 
made  classifications,  it  is  often  difficult  to  know  in  which 
division  to  place  them.  It  is  the  job  of  the  research  director 
to  make  this  decision,  basing  it  on  availability  of  personnel 
as  well  as  on  the  abstract  principles  of  the  classification 
scheme.  The  great  advantage  of  division  of  projects  by  sub- 
ject matter  or  project  title  is  that  the  problems  will  auto- 
matically fall  under  the  complete  authority  of  one  man. 
This  man  will  be  the  chief  of  the  division  to  which  they 
are  assigned. 

In  other  laboratories,  some  e(|ually  successful,  the  basic 
organization  is  functional  rather  than  departmental.  A 
typical  example  of  such  an  organization  would  include  a 
"Division  of  Fundamental  Research"  doing  the  pioneering 
work  on  a  given  problem.  Then  there  would  be  a  "Division 
of  Development"  whose  function  it  is  to  take  oxer  the  work 
on  a  problem  where  the  fundamental  group  left  off.  and  third 
a  "Department  of  Operating  Research"  doing  work  on  the 
various  problems  arising  from  factory  operations.  Such  a 
scheme  has  the  advantage  that  it  fits  in  with  the  ])liysical 
characteristics  of  the  laboratory  in  which  the  grou]is  work. 
People  working  on  fundamental  problems  need  test  tubes 
and  other  standard  e(|uipment  of  a  scientific  laboratory. 
People  working  on  development  problems  need  test  facilities, 
semi-plant  e(|ui])ment.  and  the  like.  People  working  on  i)lant 
or  operating  jiroblems  need  stnall  or  large  scale  machinery 
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of  the  type  used  in  the  plant.  It  is  therefore  rather  natural  to 
divide  authority  according  to  tools  or  facilities. 

The  difficulty  with  this  system  of  division  is  that  it  is 
very  seldom  indeed  that  a  given  industrial  problem  is  all 
fundamental,  all  developmental,  all  operational.  Neither 
is  it  ever  quite  clear  exactly  when,  in  course  of  development, 
a  problem  ceases  to  become  fundamental  and  become  a  de- 
velopment problem.  This  difficulty,  however,  is  not  insur- 
mountable. The  director  can  by  a  fiat  put  a  problem  under 
development  if  he  thinks  it  is  mostly  development  or  if  he 
believes  the  people  working  in  that  division  can  do  the  best 
job  with  it. 

The  one  thing  that  must  not  be  done  is  to  divide  the 
authority  on  a  given  problem.  When  it  comes  to  discussion 
of  scientific  principles  and  to  the  laying  out  of  a  scientific 
program  two  heads  are  better  than  one,  but  when  it  comes 
to  managing  a  research  project  too  many  cooks  spoil  the 
broth.  I  have  had  long  experience  and  I  have  never  seen  a 
single  case  where  a  research  project  was  successfully  carried 
on  under  divided  authority.  The  criterion  of  successful 
management  is  complete  unity  of  authority  and  responsi- 
bility. 

The  practical  difficulty  with  the  scheme  of  division,  accord- 
ing to  the  type  of  laboratory  function,  is  that  it  tends  to  be- 
come divided  responsibility.  If  the  fundamental  scheme  of 
division  is  to  work,  the  men  working  on  a  given  assigned 
research  problem  must  be  able  to  use  the  facilities  "belong- 
ing" to  the  other  departments.  The  mere  fact  that  "De- 
velopment" has  an  Oliver  filter  press  and  "Fundamental 
Research"  does  not  have  one  is  absolutely  no  reason  for 
dividing  the  problem  of  how  to  make  an  organic  chemical 
into  "fundamental"  and  "development"  simply  because  the 
problem  re(|uires  both  a  test  tube  and  a  filter  press. 

In  most  laboratories  regardless  of  the  organization  scheme 
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the  actual  tasks  or  prohlcnis  arc  carried  on  as  what  is  called 
"projects."  Idle  project  is  the  work  unit  of  the  research 
laboratory.  It  is  some  task  that  is  to  he  done.  Usually  in 
order  to  start  any  work  on  a  research  problem  it  is  necessary 
to  have  a  "project"  set  up  covering  this  work.  A  "project" 
is  a  written  formal  statement  of  w^hat  it  is  desired  to  ac- 
complish by  the  proposed  work  and  how  much  it  is  expected 
to  cost  in  time  and  money.  Usually  no  work  can  be  done 
on  a  project  until  it  is  ap])roved  by  the  director  and  his 
consultin^i^  board  and  until  a  definite  appropriation  has  been 
made  to  cover  its  cost.    It  is  then  an  approxed  ])roject. 

The  advantages  of  the  project  system  are  many.  First, 
it  gives  the  director  control  over  the  entire  operation  of  the 
laboratory;  second,  it  gives  a  basis  for  record  and  for  ac- 
counting of  costs  and  perhaps  most  important,  the  project 
system  gives  the  opportunity  for  periodic  review.  Research 
problems  have  many  lives,  and  one  of  the  most  difficult  and 
necessary  activities  of  research  management  is  to  kill  them 
of?  or  graft  new  glands  on  them  the  moment  they  pro\e 
sterile. 

All  of  this  division  of  authority  and  personnel  may  seem 
formal  and  stereotyped.  Tn  certain  cases  it  may  become  so, 
but  in  the  wiser  laboratories  it  is  usually  found  advantageous 
to  consider  all  personnel  below  division  chiefs  as  a  pool  from 
which  men  can  be  drawn  as  needed.  Tn  laboratories  where 
this  principle  is  followed  the  group  leader  and  all  men  under 
him  are  shifted  from  division  to  division  as  the  requirements 
of  the  research  problems  at  hand  suggest  and  as  his  talents 
permit.  He  is  not  assigned  permanently  to  any  one  division. 
Research  is,  by  nature,  fugitive.  Problems  seldom  last  more 
than  a  year,  and  even  with  continuing  problems  the  ])ersonnel 
goes  stale,  so  that  it  is  a  sign  of  wisdom  to  shift  personnel 
fre(|uently  from  division  to  division.  It  is  through  this  shift- 
ing of  personnel  under  a  skeleton  organization  that  full  ad- 
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vantage  is  gained  of  the  different  training  and  temperament 
of  those  in  the  laboratory.  When  men,  under  this  procedure, 
cease  to  have  new  ideas,  give  them  to  production.  They  don't 
need  too  many  new  ideas  there. 

To  show  how  this  works  let  us  turn  once  more  to  the  direc- 
tor in  his  virginal  laboratory  and  outline  once  more  some 
of  the  more  professional  problems  that  he  has  to  meet.  This 
time,  not  from  the  point  of  view  of  one  who  wants  to  under- 
stand generally  what  research  is,  or  from  the  point  of  view 
of  the  executive,  but  from  the  point  of  view  of  the  research 
man  himself. 

It  is  not  the  purpose  of  this  book  to  describe  the  various 
technical  procedures  used  in  the  solutions  of  research  prob- 
lems, though  there  is  room  for  such  a  book,  but  there  are 
certain  general  procedures  which  influence  research  manage- 
ment. 

As  it  has  been  said,  inventions  arise  in  all  sorts  of  queer 
places.  In  the  plant  where  something  has  broken  down,  in 
a  Pullman  car  coming  back  from  a  trouble  shooting  or  service 
trip,  in  a  conference  on  something  quite  different,  in  bed, — 
almost  anywhere. 

To  increase  the  number  of  new  ideas,  research  personnel 
must  be  given  much  more  freedom  to  come  and  go,  to  gossip, 
smoke  and  go  to  conventions,  than  would  be  customary  in 
any  other  part  of  a  closely  managed  company.  They  become 
a  privileged  or  elite  corps  and  this  is  one  of  the  very  best 
reasons  for  a  separate  research  organization,  since  otherwise 
these  "privileges"  arc  apt  to  cause  difficulties. 

Suppose  somehow,  somewhere.  Bill  Smith  gets  an  idea 
which  he  thinks  new,  useful,  and  ingenious,  of  sufficient  value 
to  the  company  so  that  it  should  be  tested.  Usually,  the  idea 
will  have  originated  from  some  half -suggestion  made  by 
someone  else,  but  never  mind  that.  Bill  thinks  it  is  his  and 
thinks  it  important,   and   novel   enough  to  be   worked   on. 
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He  therefore  writes  it  flown  in  his  in\cntions  hook,  and  day- 
book if  he  keeps  one.  He  dates  this  description,  ilhistrates  it, 
if  the  in\ention  inxolves  aj)paratus,  and  si^ns  it.  'iliis  is  the 
first  act  in  the  le^^al  process  of  invention  and  constitutes  "con- 
ception." 'J\)  prove  conception,  he  lias  someone  witness  his 
signature.  Rut  that  is  not  enou^di,  he  must  disclose  his 
invention  to  someone  sufficiently  trained  to  he  able  to  under- 
stand it  and  not  a  party  to  the  invention.  Rill  therefore  goes 
to  Bob  and  says,  "Bob,  read  this  and  if  you  understand, 
sign  my  book,  saying  on  such  and  such  a  date.  I  read  pages 
P  to  Q  'of  Bill's  notebook  and  understand  the  invention 
therein  described." 

That  meets  the  legal  re(|uirenicnts,  but  writing  something 
in  Bill's  notebook  and  describing  it  to  Rob,  won't  get  Bill 
any  further.  It  will  just  be  words  in  his  book  unless  Bill 
does  something  to  interest  the  laboratory  authorities  in  the 
idea.  He  therefore  writes  a  memorandum  (we  are  assuming 
that  this  is  an  ideal  laboratory).  Bill  sends  his  memorandum 
in  duplicate  to  his  grouji  leader  if  Bill's  idea  came  from  what 
he  was  doing,  but  not  necessarily  if  the  idea  is  extracurricula. 
H  the  memo  looks  like  an  invention  which  might  be  patented. 
Bill's  chief  will  read  and  witness  it.  send  the  signed  original 
to  the  patent  dixision  (the  lirst  thing  before  he  misplaces  or 
loses  it).  He  will  then  call  Bill  into  conference,  bringing  in 
any  one  else  from  director  to  office  boy  who  may  contribute, 
— no  holds  barred. 

Usually  the  "idea"  doe.s  not  sur\i\e  this  informal  confer- 
ence. But,  there  may  arise,  out  of  the  process  of  killing  it 
off,  another  idea  which  seems  within  the  range  of  possibility. 
H  the  conference  seems  like  one  from  which  an  invention 
might  arise  a  rejjresentative  of  the  patent  group  should  sit 
in,  but  in  any  e\ent  the  conclusions  of  the  conference,  the 
persons  present  and  the  subjects  discussed  should  be  sent 
in  memo  form  to  the  director,  patent  attorney  and  others 
concerned. 
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Sometimes,  a  more  permanent  New  Devices  Committee  is 
set  up  to  handle  such  matters.  It  is  a  great  advantage  to, 
have  such  a  committee  as  it  gives  a  means  for  handHng,  in 
a  uniform  manner,  extra  curricula  ideas  arising  outside  a 
man's  regular  duties,  as  well  as  ideas  arising  within  the 
company  outside  the  research  laboratory.  It  also  allows  a 
discussion  of  new  ideas  from  a  broader  point  of  view  than 
that  of  the  group  leader  and  departmental  chief.  It  serves 
to  unify  the  activities  of  the  various  divisions  but  it  must  be 
thought  of  as  supplementing  and  not  supplanting  the  in- 
formal conference  of  Bill  and  his  chief.  Action  arises  not 
from  groups  but  from  heads. 

Out  of  this  conference  may  arise  the  suggestion,  concrete 
enough,  to  form  the  basis  of  a  definite  project  but  usually 
what  arises  is  questions.  Nevertheless,  this  conference  must 
be  written  up  for  it  forms  an  essential  step  in  the  important 
[)rocess  of  "due  diligence."  the  lack  of  which  may  deprive 
the  company  of  the  fruits  of  Bill's  conception. 

Ihc  next  step  is  the  crucial  one.  The  answering  of  the 
(|uestions  takes  time  and  time  costs  money.  Until  the  ques- 
tions are  answered,  no  one  knows,  except  in  the  most  general 
way,  whether  the  idea  is  any  good. 

At  this  stage,  the  idea  is  submitted  to  the  director.  He 
will  or  should  turn  it  down  i)ecause  a  project  is  a  unit  of 
expense  and  must  be  justified  as  any  expense  item  should 
be  justified  by  an  estimate  of  time,  cost,  probability  of  suc- 
cess, and  probable  income ;  but  these  estimates  themselves 
can't  be  n])taine(l  without  expenditure  of  time  or  money. 

There  arc  three  ways  of  handling  this  procedure.  The 
first  and  most  common  is  "bootleg  research,"  that  is  to  say 
time  and  or  laboratory  supplies  are  expended  by  Bill  (with 
the  knowledge  of  his  group  leader)  and  this  time  and  sup- 
])lies  are  charged  on  whatever  gf)ing  project  can  stand  this 
extra  expense. 

This  prcjcess  is  frowned  ou  by  all  laboratory  executives. 
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Nevertheless,  it  is  necessary  unless  some  better  means  of 
handling  this  needed  preliminary  experiment  and  library 
search  is  found. 

The  second  method,  or  "slush  fund"  method,  is  to  allot 
to  each  division  a  certain  fractional  appropriation  or  over- 
head as  a  "slush  fund"  which  the  division  head  can  allot 
as  he  sees  fit  without  need  of  specific  authority  or  formal 
review. 

In  practice,  this  is  even  worse  than  the  first  method  because 
expenditures  which  do  not  need  authorization  review  become 
the  happy  hunting  ground  of  the  players  of  .hunches,  at  least, 
those  players  of  hunches  who  "get  to"  the  division  chief 
in  his  moments  of  weakness. 

The  third  method  is  the  method  of  the  Bookmaker.  In 
this  method  a  small  sum  is  set  aside,  say  5%  of  the  labora- 
tory income  to  finance  preliminary  time  and  equipment  spent 
in  investigation  of  possible  formal  projects.  Usually  this 
fund  is  given  over  to  the  New  Projects  Committee  or  its 
equivalent.  To  obtain  use  of  this  fund,  individuals  or  project 
directors  apply  for  grants,  usually  not  more  than  $500, 
which  serve  to  carry  the  expense  of  search,  mathematical 
investigation  or  very  limited  experimental  work.  The  pur- 
pose of  this  grant  is  to  investigate,  in  a  preliminary  way, 
the  facts  needed  to  set  up  an  intelligently  supported  project. 
"Slush"  grants  are  usually  made  on  faith  but  never  without 
discussion  and  definition  of  exactly  what  is  to  be  done. 

The  advantage  of  this  procedure  which  seems  formal,  is 
that  even  in  the  earliest  stage,  where  it  is  most  needed,  the 
worker  gets  benefits  of  advice  from  people  of  a  wide  com- 
pany point  of  view,  and  adequate  well  supported  records  are 
kept. 

Because  such  funds  are  limited  and  because  the  new  pro- 
jects committee  has  to  justify  itself  later  backing  these  horses 
by  a  reasonable  percentage  of  winners,  this  system  allows 
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individual  initiative  in  originating  projects  while  at  the  same 
time,  allows  review  and  consideration  by  others  than  Bill 
and  his  immediate  superiors  before  the  laboratory  funds  are 
expended. 

Let  us  suppose  Bill  has  obtained  (or  taken)  time  and  per- 
mission for  his  period  of  preliminary  labor.  This  preliminary 
work  will  usually  include  a  literature  search  and  probably 
some  very  preliminary  experiments.  It  will  be  done  under  a 
strict  allotment  of  time  and  money.  Penuriousness,  at  this 
stage,  is  a  virtue  as  it  is  the  best  known  incentive  to  care- 
fully planned  work. 

The  next  step  after  proper  records  have  been  made  and 
witnessed  (I  shall  repeat  this  phase  ad  nauseam  in  what 
follows)  is  for  Bill,  having  obtained  permission,  to  under- 
take a  literature  search.  Laboratory  work  is  expensive  not 
only  in  direct  cost  but  also  in  time.  It  is  usually  advisable 
not  to  repeat  work  done  elsewhere  and  published  unless  there 
are  very  special  reasons  for  so  doing.  The  library  is  thus 
a  primary  research  tool,  and  the  size  and  completeness  of 
the  library  is  a  much  better  test  of  the  quality  of  a  research 
laboratory  than  miles  of  laboratory  tables  and  great  displays 
of  test  equipment.  Investment  in  the  library  is  one  of  the 
important  elements  of  expense  in  the  equipment  of  a  modern 
research  laboratory.  There  is  another  reason  for  preferring 
to  look  up  something  in  the  literature  rather  than  doing  it 
in  your  own  laboratory.  The  sad  fact  is  that  the  work  in 
industrial  research  laboratories  is  seldom  as  well  done  as 
that  which  is  published  by  universities  and  scientific  organi- 
zations. There  are,  of  course,  brilliant  exceptions.  Some  of 
the  best  work  of  this  kind,  that  I  haAC  ever  seen,  came  from 
the  Bell  Laboratories. 

The  library  search,  with  which  all  should  be  familiar  from 
their  college  days,  should  include  not  only  the  scientific  liter- 
ature but  also  the  patent  literature.    It  is  this  search  which 
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forms  tile  basis  for  the  fcjrinulatiun  of  wiiat  is  patentable 
in  the  new  idea.  All  such  searches  should  be  carefully  re- 
corded and  a  copy,  even  if  nothing  is  found,  sent  to  the 
patent  section,  provided  the  sui)ject  matter  of  the  search  has 
at  any  time  been  thought  possibly  patentable.  If  Bill  doesn't 
know  how  to  make  such  j)atent  searches,  he  will  ask  the  patent 
department  to  show  him. 

With  the  search  completed,  it  is  usually  possible  to  do 
some  design  or  process  calculations.  These  will  often  show 
that  the  idea  won't  work  for  reasons  of  cost,  size,  lack  of 
efficiency  and  other  "numerical"  reasons.  These  ])reliminary 
design  sketches  and  calculations  should  be  again  carefully 
saved  and  sent  to  the  patent  attorney.  They  form  the  real 
date  of  conception  of  the  apparatus  as  actually  claimed,  since 
the  original  idea  is  often  too  broad  to  form  the  basis  of  the 
claims  as  allowed.  The  claims,  in  the  last  analysis,  form  the 
patent. 

At  this  stage,  if  not  before.  Bill  or  his  chief  will  Ije  in  a 
position  to  write  out  a  formal  proposal  for  funds  and  time 
to  continue  work  on  his  idea.  This  is  the  request  for  a  pro- 
ject. This  request  will  include  a  careful  analysis  of  the 
project  from  as  many  points  of  view,  and  as  factually  as 
possible.  It  should  include  the  amount  of  money,  the  time, 
and  the  number  of  men  needed.  Bill  may  not  ha\e  a  basis 
for  all  this  but  his  section  chief  and  superiors  will.  It  will 
also  include  an  outline  of  just  what  the  project  aims  to  ac- 
complish, and  what  steps  are  to  be  taken.  It  will  show  the 
relation  of  the  project  to  other  projects,  and  define  the 
boundaries  between  it  and  other  projects.  It  will  include  an 
estimate  of  the  value  to  the  company  of  the  gadget  or  process 
in  dollars  and  cents  (if  it  works)  and  what  will  be  found 
(of  value)  if  it  doesn't  work.  This  estimate  can  be  in  terms 
of  total  business  profits  if  the  company  evaluates  projects 
in  that  way,  but  in  the  system  advocated  here,  should  include 
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the  selling  price  of  the  idea  if  patcntal)le;  that  is  to  say. 
its  capital  value.  The  relation  oi  capital  \ahie  to  profits. 
gross  sales,  depreciation,  prol)ahility  of  success,  rccjuired 
capital  investment  and  amortization  rate,  etc.  is  usually  a 
thing  Bill  won't  know  how  to  calculate  l)ut  the  accounting 
or  business  departments  will  know  how  and  it  is  Bill's  re- 
sponsibility to  get  these  figures  from  them. 

Various  formulas  have  been  proposed  to  help  evaluate  re- 
search projects  but  that  differs  from  business  to  business  and 
so  will  not  be  included  here. 

Having  written  up  his  project,  Bill  will  send  it  via  biis 
superior  to  the  director.  If  the  recfuest  is  well  done  and  if 
the  section  chief  has  ])repared  the  way  properly,  approval 
is  or  should  be  almost  automatic  except  in  certain  cases. 

The  cases  where  approval  is  not  automatic  are  the  very 
new  projects  involving  large  matters  of  company  policy,  or 
large  expenditures  of  funds.  These  will  be  discussed  by  the 
director  with  his  executive  board  and  with  other  divisions 
of  the  company  if  need  be.  It  is  a  matter  of  courtesy  and 
good  judgment  to  invite  Bill  and  his  superior  to  be  present 
when  the  decision  is  being  made. 

The  project  is  now  api)roved,  usuallv  for  less  money  than 
is  requested,  not  onlv  because  la1)oratorv  directors  are.  by 
nature,  penurious  but  because  a  good  project  in  a  new  field 
will  project  the  work  far  enough  so  that  the  director  can 
estimate  the  total  probable  cost.  It  is  usuallv  possible  to 
break  down  the  work  as  outlined  into  a  series  of  steps,  and 
it  is  wise,  in  the  early  stages,  to  approi)riate  step  wise,  for 
reasons  of  control  and  economy. 

Thus,  Bill  will  get  only  a  tenth  of  what  he  asked  for.  but 
that  is  enough  to  start  to  work.  .\t  which  point,  \V\\\  will 
swear  off  for  the  day  and  go  out  and  celel)rate. 

In  some  laboratories,  the  section  chief  is  responsible  for 
keeping  within  the  allotment  of  time  and  money.    More  usu- 
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ally  it  pays  to  have,  under  the  cH rector,  a  business  niana<(er 
who  actually  handles  all  financial  details  involved  in  purchas- 
ing and  time  keeping,  thus  freeing  the  department  heads 
from  any  responsibility  save  towards  the  progress  of  the 
work.  The  job  of  business  manager  sounds  like  a  job  for  a 
stenographer  or  a  junior  clerk  l)ut  it  can  be  far  more  than 
that  as  the  example  of  Hawkins  at  the  (ieneral  l^lectric 
Laboratories  proves. 

The  actual  mechanics  of  financial  and  time  control  over 
rapidly  shifting  projects  of  a  research  laboratory  involves 
judgment  and  the  ability  to  get  along  with  temperamental 
and  very  insistent  personnel  which  mark  financial  manage- 
ment in  its  very  essence.  More  of  this  will  be  worked  out 
in  the  next  chapter. 

Bill  having  concluded  his  celebration  now  begins  the  actual 
laboratory  work.  This  work  is  usually  of  two  types,  often 
done  simultaneously.  The  first  is  the  building  of  a  working 
model,  if  the  invention  is  a  device,  or  carrying  out  the  process 
on  a  laboratory  scale  if  the  invention  is  a  process. 

This  step,  often  done  crudely  and  with  makeshift  appara- 
tus constitutes  reduction  to  practice  and  must  be  observed 
by  others  than  the  inventor  and  must  be  carefully  recorded 
and  the  record  sent  to  the  patent  department.  In  one  labora- 
tory it  used  to  be  the  practice  for  the  patent  attorney  in  charge 
of  the  case  to  witness  such  crucial  experiments. 

Behold  the  invention  works,  but  is  not  feasible !  This  is 
the  usual  result. 

Then  begins  the  real  work.  The  experiment  is  repeated. 
this  time  under  test  conditions.  Thermocouples,  gages,  and 
other  measuring  gadgets  cluster  all  over  the  device.  People 
takes  its  temperature,  pulse  and  even  more  intimate  charac- 
teristics. This  is  the  stage  where  one  gets  test  data  on  which 
design  must  be  based. 

In  the  meantime,  further  work  is  going  on  in  the  labora- 
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tory  on  the  elements  of  the  design  including  investigations 
on  the  properties  of  materials  to  use,  on  the  conditions  under 
which  it  should  operate  and  be  manufactured.  Variants 
should  be  tried  and  tested.  This  is  planned  research  and 
there  is  very  little  chance  to  it.  It  is  also  low  grade  research 
for  most  of  the  laboratory  work,  at  this  stage,  consists  in 
using  well  known  methods  to  determine  properties  of  ma- 
terials, working  methods  of  analysis  or  test,  and  making  well 
known  tests.  Little  of  it  requires  any  higher  grade  of  intel- 
lect or  breadth  of  experience  than  that  of  the  average  gradu- 
ate who  has  done  well  in  a  university  laboratory.  Hence,  it 
is  usually  done  by  such  persons  under  the  observation  of 
those  who  might  see  anysurprising  or  unexpected  result. 

This  supervision  must  never  be  neglected,  for  invention 
has  a  habit  of  budding  or  producing  sports  as  the  biologists 
call  it.  Laboratory  investigation,  undertaken  for  one  pur- 
pose, often  suggests  ideas  quite  different,  ideas  which  may 
be  o\'erlooked  by  those  without  a  broad  point  of  view.  Hence, 
it  is  unsafe  to  leave  anything  being  done  in  the  laboratory 
without  a  supervisor  present.  Incidentally,  this  helps  when 
it  comes  to  records. 

Of  course,  there  are  inventions  which  do  not  follow  the 
type  we  have  been  describing.  Thomas  Edison  had  been  quite 
unfairly  considered  the  inventor  of  the  "try-every-bottle-on- 
the-shelf  method."  This  method  had  to  be  used  occasionally 
but  even  a  little  planning  of  the  proper  order  in  which  to 
take  the  bottles  down  will  save  time  and  money.  A  labora- 
tory can  be  largely  judged  by  the  ])lanning  of  its  research. 
In  these  days  discoveries  are  practically  never  the  result  of 
accident. 

There  is  a  third  kind  of  research  which  seems  to  many  a 
sort  of  holy  rite  to  be  spoken  of  with  bated  breath.  This  is 
PURE  research. 

The  truth  is  that  there  is  seldom  justification  for  an  i)idus- 
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trial  laboratory  to  work  on  prohicnis  for  which  an  inmicdiate 
coninicrcial  need  is  not  seen.  To  work  on  soaj)  lihns  jnst  for 
the  fun  of  it  or  to  increase  the  sum  of  human  knowledge 
is  not  good  business  or  good  sense  except  under  certain  con- 
ditions. 

To  justify  pure  research  re(|uires  the  saiue  reasoning  that 
is  re(|uired  to  justify  the  most  impure  research.  The  differ- 
ence is  simply  in  the  factor  of  time.  Langmuir  i)layed  with 
poorly  evacuated  bulbs  because  he  or  Whitney  (in  this  case 
l)oth)  knew  that  new  methods  and  new  ideas  were  needed  if 
lamps  were  to  be  improved.  1'hey  didn't  know  what  these 
ideas  were.  Otherwise,  they  wouldn't  ha\e  had  to  do  this. 
They  worked  in  the  general  field  with  the  exact  spirit  with 
which  lulison  took  down  e\ery  bottle  on  the  shelf,  so  that 
something  would  ha\e  the  chance  to  turn  up. 

Pure  research  can  thus  be  ])oor  research,  in  the  sense  that 
it  is  born  of  desperation  after  e\erything  intelligent  has 
been  tried.  It  may  be  j)Oor  research  done  by  a  z'ery  good 
uan.  Only  when  clear  cut.  curious,  practically-minded  men 
like  Langmuir  do  it,  can  it  succeed.  Soap  films  are  worked 
on  at  the  General  Electric  Company  because  new  theories 
and  new  methods  of  attack  on  all  problems  involving  sur- 
faces are  needed.  These  methods  and  theories  can  come  out 
only  by  the  accident  of  an  aberrant  ex])eriment  in  the  hands 
of  a  brilliant  man. 

Pure  research  is  justifiable  in  the  industrial  laboratory 
I)rincipally  to  open  new  methods  of  handling  ])rol)lems  seen 
only  in  general  terms.  Its  purpose  is  not  to  find  new  data 
or  new  processes  but  to  find  new  techniques.  Theory  is  a 
techni(|ue. 

So  much  for  the  problems  of  the  laboratory.  How  the 
research  worker  is  to  handle  situations  like  "Mandy"  I  know 
not  how  to  formulate. 
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The  Financial  Control  of  Research 

Some  books  on  research  would  indicate  that  research  does 
not  cost  anything".  The  fact  is  that  measured  in  terms  of  the 
usual  business  standards  research  is  an  expensive  luxury. 
You  can  pour  in  a  quarter  of  a  million  dollars  and  have  the 
research  director  come  smiling  before  the  board  of  directors 
and  say,  "Well,  gentlemen,  that  proved  to  be  the  wrong 
hunch." 

Because  of  the  speculative  nature  of  the  investment  in 
research  there  is  a  tendency  for  boards  of  directors  to  pour 
in  money  when  business  is  good,  and  to  cut  it  off  entirely 
when  business  is  bad.  Laboratory  directors  remember  the 
dictum  that  came  from  the  higher  ups  in  the  dark  days  of 
1931 — "Cut  out  work  on  all  projects  not  producing  profit." 

The  only  cure  for  this  is  a  proper  financial  policy  for  the 
laboratory.  Here  is  where  a  good  business  manager  can 
be  worth  his  weight  in  gold  and  more. 

Basically  the  difficulty  in  financing  laboratories  comes  to  a 
matter  of  bookkeeping.  The  actual  expense  of  the  laboratory 
(seldom  over  one  percent  of  the  gross  for  a  large  corpora- 
tion) is  never  enough  to  worry  the  directors  provided  they 
have  a  tangible  method  of  making  a  budget.  The  trouble  is 
that  if  the  bookkeeping  is  set  up  so  that  all  the  items  on  the 
budget  are  on  the  red  side  (as  is  apt  to  be  the  case  in  the 
standard  bookkeeping  systems)  there  is  no  way  of  exercising 
proper  financial  control. 

Most  laboratories  have  three  courses  of  income.  The  first 
of  these  is  charges  for  work  done  for  other  divisions  of  the 
company,  and  it  is  the  essence  of  good  bookkeeping  that 
these  charges  be  made  a  real  charge  on  the  divisions  for 
whom  the  work  is  done.  The  next  source  of  income  is  out- 
side royalties.   Some  companies  refuse  to  license  competitors, 
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hut  this  is  usually  very  short  sij^^litcd.  (  )nc  of  the  reasons  is 
illustrated  in  Ketterin^^^'s  famous  remark  "Tlie  hest  wav  that 
I  know  of  to  get  General  MotC)rs  to  use  one  of  <»ur  inventions 
is  to  license  it  to  a  competitor." 

Indeed,  a  \ery  sure  test  of  t^ood  company  policv  toward 
the  research  laboratory  is  that  it  understands  that  the  re- 
search laboratory  is  a  selling-  organization — its  goods  being 
patents.  Once  that  realization  has  been  reached,  a  large  part 
of  the  j)roblem  of  financial  supptjrt  of  the  lal)(jratory  is 
solved. 

In  some  laboratories  this  policy  of  licensing  patents  goes 
to  the  extent  of  actually  charging  their  own  manufacturing 
divisions  royalties  for  the  use  of  inventions  made  by  their 
research  laboratory.  This  policy  has  been  recommended  by 
Swann.  I  have  had  no  actual  experience  with  how  it  works 
in  practice,  but  some  equivalent  must  be  had  if  a  factual 
method  of  budgeting  is  used.  The  theoretical  dit^culty  with 
it  is  that  what  is  produced  by  research  is  wealth,  not  income. 
It  would  seem  to  me,  therefore,  that  a  proper  research  budget 
should  include  not  only  income  items,  but  capital  items  and 
that  a  procedure  should  be  set  up  to  evaluate  the  patents 
owned  and  issued  to  the  company.  This  value  should  be 
the  dollars  and  cents  value  that  the  company  would  be  willing 
to  sell  the  inventions  for  outright.  Of  course,  it  is  difficult 
to  determine  this  selling  price,  but  not  impossible,  for  com- 
panies do  sell  and  buy  inventions.  The  procedure  I  should 
suggest  would  be  for  research  to  set  up  an  asking  price  and 
that  divisions  using  the  invention  appiove  this  price  before 
using  the  invention,  paying  not  as  a  royalty,  but  as  they 
would  finance  purchases  of  new  building  and  e(|uipment. 

This  is  somewhat  more  complicated  than  putting  research 
on  an  annual  basis,  but  it  has  advantages  from  a  tax  stand- 
point, from  the  point  of  view  of  stability  of  income  and  most 
of  all,  because  such  a  procedure  keeps  clearly  in  the  minds 
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of  the  directors  and  of  the  investors  and  of  banks,  the  real 
position  of  research  in  industry. 

One  sometimes  has  to  borrow  to  cover  plant  expansions 
made  necessary  by  new  products.  A  proper  and  standard 
procedure  of  accounting,  showing  the  value  of  inventions  as 
security  for  capital  is  badly  needed  in  these  days,  where 
security  for  investments  can  hardly  be  based  solely  on  build- 
ings, land,  and  cash  position. 

One  of  the  biggest  things  a  research  director  and  his 
financial  associates  can  do  for  a  company  is  to  set  up  such 
a  system. 

This  is  on  the  black  side  of  the  laboratory  budget.  The 
red  side  also  has  its  problems,  because  of  the  fact  that  almost 
all  expenditures  are  special  and  it  is  seldom  easy  to  set  up 
and  budget  laboratory  expenses.  Much  more  leeway  must 
be  given  than  in  manufacturing  departments.  Who  knows 
but  that  on  January  5th  someone  may  get  an  idea  which  will 
require  unexpected  expenses  of  $50,000.00  immediately. 
Nevertheless,  one  can't  set  up  budgets  which  will  allow  re- 
search to  draw  company  funds  as  needed. 

It  is  a  part  of  good  business  and  an  essential  part  of  the 
buildup  of  confidence  that  management  has  in  a  research 
director,  to  keep  expenses  as  low  as  possible.  This  can  be 
done  provided  a  close  system  of  accounting  is  kept  and  pro- 
vided the  expenses  of  individual  projects  be  kept  well  below 
the  approved  figure.  It  is  on  the  group  leaders  that  this  re- 
sponsibility really  rests.  One  of  the  essential  points  of  good 
financial  management  is  that  the  project  chief  be  made  re- 
sponsible not  only  for  the  work,  but  for  keeping  the  work 
within  the  allotment,  and  that  he  be  given  credit  for  saving 
made  by  shrewd  management.  Many  projects  can  be  carried 
out  at  a  fraction  of  estimated  cost. 

The  major  difficulty  is  overhead.  Many  companies  im- 
pose, by  their  accounting  systems,  a  uniform  overhead  for 
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al!  •Icpartiiicnts.  At  first  sij^ht  tliis  is  an  advanta^^c  to  re- 
searcli,  whose  actual  non-distributed  costs  are  usually  high, 
but  it  is  bitter  in  the  long  run  to  insist  on  keeping  separate 
overhead  systems  and  in  keei)ing  it  down  to  the  absolute 
niininiuni.  The  next  and  most  important  duty  of  finance 
and  the  real  reason  for  this  chapter  is  the  question  of  pro- 
motion, salary  and  special  awards.  In  the  long  run  a  satis- 
factory program  of  handling  personnel  problems  will  make 
or  break  a  research  laboratory. 

The  first  thing  to  see  to  is  that  the  salary  scale  of  the 
laboratory  is  not  restricted  by  the  general  salary  poHcies 
of  the  company.  A  chemist  doing  research  is  quite  different 
than  a  chemist  in  the  routine  laboratory  and  it  must  be  the 
policy  of  the  company  to  allow  pay  scales  based  on  the  cir- 
cumstances of  the  case,  rather  than  in  accord  with  so-called 
company  general  classifications.  The  easiest  way  to  do  this, 
as  has  been  said,  is  to  classify  all  research  men,  as  research 
chemist,  etc.  But,  it  is  promotions  and  special  awards  which 
wreck  laboratories.  A  man  who  has  made  a  \aluable  con- 
tribution to  the  wealth  of  the  company,  often  in  value  many 
times  the  whole  lifetime  salary  of  the  man,  should  be  re- 
warded right  then  proportionately  to  the  value  of  the  inven- 
tion, as  soon  as  the  value  can  be  determined. 

The  usual  system  for  doing  this,  payment  of  cash  or  com- 
pany stock  for  every  invention  made,  is  hopelessly  inadecjuate 
and  unfair.  Inventions  differ  in  value.  It  is  unfair  to  re- 
ward the  nominal  inventor  disproportionately  to  the  work  of 
his  associates.  To  do  so  puts  too  much  emjihasis  on  the  first 
phase  of  invention  and  tends  strongly  to  prevent  team  work, 
without  which  a  laboratory  cannot  long  prosper. 

The  best  procedure  of  which  I  know  is  akin  to  the  e\  alua- 
tion  of  jjatents.  ])re\iouslv  mentioned.  This  involves  paying 
to  the  laboratory,  for  distribution  among  the  jiersonnel.  a 
hnnp  sum  as  a  bonus  in  ])roj)ortion  to  the  wealth  created. 
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This  is  distributed  so  that  all  in  the  laboratory,  even  secre- 
taries and  janitors  profit — those  most  responsible  profiting 
proportionately.  One  procedure  is  to  give  to  the  group  in- 
volved in  the  actual  work  one-third,  one-third  to  the  labora- 
tory and  one-third  to  administration  to  be  distributed  as  it 
sees  fit.  Whether  the  actual  payments  are  made  in  a  lump 
sum  or  distributed  over  years  is  a  detail. 

All  this  is  in  addition  to  normal  salary  raises,  promotions 
and  general  company  bonuses  This  procedure  is  more  or 
less  ideal,  but  based  on  the  realities  of  the  situation.  Inven- 
tive work  should  be  properly  rewarded  in  a  way  propor- 
tionate to  what  one  would  have  to  pay  for  the  invention  if 
bought  from  outside  companies. 

The  advantage  of  this  is  that  it  keeps  before  the  laboratory 
personnel  the  incentive  to  invention,  the  danger  being  that 
the  money  so  created  by  the  laboratory  be  not  fairly  dis- 
tributed. But  this  danger  is  present  in  every  method  of 
award,  and  there  is  no  formula  know^n  to  me  by  w^hich  one 
can  tell  just  how,  in  a  given  case,  to  distribute  salary  or 
bonus. 

There  is  however  the  good  old  fashioned  principles  of 
award  in  proportion  to  merit.  Distribute  the  bonus  so  that 
no  one  is  omitted — even  if  he  is  not  actually  involved  in  the 
invention — that  may  not  be  his  fault — it  usually  isn't.  Dis- 
tribute the  major  portion  to  those  most  actively  contrilniting 
to  the  invention  made  and  that  may  not  include  him  whose 
name  is  on  the  patent.  Pay  due  regard  to  the  fact  that  de- 
partments of  service,  the  analysts  and  test  men  are  to  lie 
rewarded.  They  too  contributed.  But  never  forget  that  those 
few  who  really  contributed  the  ideas,  the  force  and  the  skill 
back  of  the  successful  product  have  earned  a  special  pro- 
portion of  the  award. 

It  is  the  job  of  director,  financial  man  and  section  chief 
to  work  this  out  in  real  fairness,  so  that  the  laboratorv  will 
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work  as  a  team  yet  ha\c  the  incenti^■c  to  brilliant  personal 
effort.  If  vour  director  cannot  do  thi>  fairly.  Ine  him  (juickly 
before  he  breaks  the  spirit  of  the  laboratory. 

Some  company  executives  object  to  any  special  awards  on 
the  ground  that  a  company  liires  a  man  to  inveiit  and  pro- 
vides for  company  ownership  of  projected  inventions  in 
the  contract,  and  that  that  should  close  the  responsibility 
of  the  company  to  the  itnentor. 

Legally,  it  is  not  quite  certain  that  thi>  is  .-^o.  as  there  are 
many  cases  where  inventions  made  by  com])any  employees, 
even  working  under  a  contract  to  assign  all  patents  to  the 
company,  are  held  to  be  the  emj)loyee's  property.  The  gen- 
eral principle  is  that  a  contract  to  perform  certain  services 
must  specify  the  services,  and  must  include  payments  in 
accord  to  the  value  of  the  services.  An  inventor  hired  to 
invent  improvements  for  a  given  refrigerator,  must  assign 
on  agreement  title  to  those  imi)rovements  he  makes  on  a 
given  refrigerator.  If  the  company  makes  electric  stoves 
and  if  the  inventor  hired  to  make  improvements  on  refrigera- 
tors invents  an  electric  stove,  the  stove  invention  seems  to 
belong  to  the  inventor,  in  spite  of  the  fact  that  the  assign- 
ment contract  may  have  included  a  list  of  all  interests  of 
the  company,  electric  stoves  included.  It  is  not  the  contract 
form  which  really  governs,  it  is  whether  or  not  the  inven- 
tion came  as  a  conse(|uence  of  what  the  inventor  was  hired 
to  work  on  and  actually  did  work  on.  in  which  case  in  reality 
he  was  not  the  inventor,  or  whether  it  came  outside  the  course 
of  his  actual  res])onsibility. 

This  is  not  f|uite  certain,  because  of  conflicting  decisions, 
but  it  is  a  safe  law.  as  well  as  good  personnel  management 
to  recognize  the  proprietary  interests  of  the  inventor  in  his 
brain  child. 

This  is  aside  from  the  (|uestion  of  actual  royalty  income 
from  inventions.    There  is  a  growing  tendency,  and  it  is  a 
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wise  one,  to  realize  that  where  an  invention  is  licensed  out- 
side the  company,  that  the  inventor  should  share  directly  in 
the  royalty  income.  This  is  because,  in  this  case,  the  com- 
pany is  in  effect  the  agent  of  the  inventor. 

All  of  these  procedures,  although  more  or  less  formal, 
and  subject  to  special  exceptions,  are  preferable  to  the  sort 
of  personal  informal  promotional  system  which  causes  so 
much  jealousy  and  real  injustice  in  many  laboratories..  Pro- 
motion is,  indeed,  a  poor  way  to  reward  an  inventor.  Promo- 
tion in  the  laboratory  should  be  based  on  the  ability  of  the 
person  to  perform  the  function  of  his  new  job,  not  on  what 
he  has  done. 

Perhaps  General  Electric  was  the  first  to  realize  this  and, 
although  handicapped  at  first  by  the  lack  of  an  intelligent 
system  of  rewards,  they  have  given  to  certain  men  huge 
salaries  without  at  the  same  time  promoting  them.  That  is 
to  say,  without  requiring  their  time  on  the  executive  activi- 
ties that  normal  promotion  requires.  Such  men  may  often 
remain  as  group  leaders  (in  the  classification  of  this  book), 
yet  they  may  be  paid  much  more  than  most  department 
heads. 

But,  this  queer  procedure  is  only  a  way  of  doing  some- 
thing which  should  be  done  by  a  proper  system  of  special 
awards. 

The  Research  Laboratory  and  the  Public 

Let  me  tell  you  a  story.  When  I  was  a  young  man  I  made 
my  first  trip  East.  In  fact,  I  stopped  off  to  see  Dr.  Lang- 
muir,  whom  I  had  met,  and  was  courteously  invited  to  lunch 
at  the  Mohawk  Club.  At  an  adjacent  table  was  Dr.  Whit- 
ney who  was  entertaining  two  gentlemen,  whose  names  I 
never  did  get.  Dr.  Whitney,  with  that  characteristic  con- 
sideration for  which  he  is  known,  got  up,  came  to  our  table 
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and  invited  nic  and,  of  course,  Dr.  Langmuir,  to  join  him. 
I  had  met  him  only  that  morning.  The  two  guests  of  Dr. 
Whitney  were,  evidently,  executives  of  the  company.  They 
were  engaged  in  an  animated,  though  only  half  serious,  dis- 
cussion on  the  value  of  research.  I  thought  that  Dr.  Whit- 
ney was  on  the  defensive  and  according  to  my  inexperienced 
ears  he  w^as  getting  the  worst  of  it.  "But,  you  don't  count," 
said  Dr.  Whitney  (of  course,  after  thirty  years  I  don't 
quote  exactly)  "the  value  of  the  business  that  the  Tungsten 
lamp  has  brought  us.  or  Coolidge's  X-ray!"  "Business?" 
snorted  the  older  of  the  two  men,  "why  we've  sunk  thou- 
sands into  Coolidge's  toy  and  I  doubt  if  we  will  ever  get  a 
penny  out  of  it.  And,  as  to  the  lamp,  that  has  involved  huge 
plant  expansions  which  have,  as  yet,  to  pay  a  profit." 

The  men  laughed.  They  were  all  good  friends.  I  felt  that 
I  ought  to  say  something,  so  speaking  rather  diffidently,  a 
habit  that  I  have  since  well  outgrown,  I  said,  "But.  haven't 
you  forgotten  the  advertising  value  of  the  laboratory?" 

They  all  looked  at  me.  Then,  the  older  man  put  his  hand 
on  my  shoulder  and  said,  "Boy,  you've  got  something  there. 
Do  you  know  how  much  we  value  Steinmetz?  One  million 
dollars."  Then  turning  to  Langmuir.  "I'd  hate  to  say  in 
front  of  this  young  man  how  much  we  value  him.  but  this  is 
for  advertising  alone.    Advertising  alone !" 

In  fact,  a  research  laboratory  properly  promoted  is  worth 
a  huge  fortune  to  the  company.  Steinmetz.  Edison  (whose 
name  was  ap])ropriated  rather  than  bought),  Langmuir, 
Coolidge.  Whitney,  The  House  of  Magic.  ha\e  become  the 
symbols  of  scientific  and  technical  leadership  and  superiority 
of  quality  (not  always  properly  deserved).  So  that  to  the 
man  on  the  street  and  more  important,  to  the  college  pro- 
fessors who  teach  the  men  who  will  soon  buv  their  products, 
the  mark  "(lI'.."  has  become  a  sign  of  (|ualitv. 

C)ther  companies  have  followed  in  the  trail,  but  still  there 
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is  much  more  than  can  be  done  to  capitahze  on  the  pubhcity 
value  of  the  research  laboratory  and  on  the  reputations  of 
the  men  who  direct  it. 

In  this  same  connection  is  the  question  of  the  pubhcation 
of  scientific  results.  General  Electric  and  Bell  Laboratories, 
besides  contributing  many  scientific  articles  to  standard  jour- 
nals, publish  first  class  technical  journals  of  their  own  and 
encourage  attendance  of  company  personnel  at  scientific 
meetings;  both  as  listeners  and  to  give  scientific  papers. 
Much  is  often  made  of  the  fact  that  companies  publish  scien- 
tific papers  as  a  means  of  encouraging  the  publication  of 
results  by  competitive  laboratories  and  that  the  company 
sends  its  personnel,  at  company  expense,  to  such  and  such 
a  scientific  meeting'  to  listen  to  the  papers  and  thus  learn 
what  is  going  on.  The  real  reason  is  to  have  their  research 
and  technical  heads  constantly  in  front  of  that  part  of  the 
purchasing  public  whose  opinion  counts  most  in  deciding 
whether  a  General  Electric  or  a  Westinghouse  motor  will 
be  bought,  namely  the  technical  and  scientific  personnel  of 
the  big  buyers. 

In  principle,  to  an  industrial  organization,  a  scientific  meet- 
ing is  no  different  than  a  grocers  convention.  It  is  a  show 
to  impress  the  customer. 

But,  there  are  other  ways  of  impressing  the  customer. 
One  of  these  is  through  sales.  The  story  of  Mandy  illus- 
trates one  aspect.  The  fact  that  a  huge  company  sent  a 
"famous"  (  ?)  scientist  down  to  investigate  an  accident  and, 
incidentally,  got  Mandy  back  to  work,  turned  an  accident 
into  a  source  of  good  will. 

And,  although  General  Electric  hasn't,  as  far  as  I  know, 
used  Dr.  Langmuir  in  this  way,  they  have  used  others  nearly 
as  well  known.  The  use  of  real  or  imaginary  research  labora- 
tories to  back  up  merchandise,  either  in  case  of  failure,  or 
as  an  aid  to  direct  sales  in  very  special  cases,  has  an  im- 
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portance  to  company  prestige  and  to  the  self-confidence  of 
the  salesman  that  cannot  be  exaggerated. 

Particularly  is  this  the  case  where  the  goods  are  built  to 
order  competitively,  or  where  untried  features  are  involved. 
The  Surface  Combusion  Company,  for  example,  whose  busi- 
ness is  largely  in  heat  treating  furnaces  involving  new  and 
often  unproven  processes,  finds  it  almost  necessary  to  send 
the  scientific  personnel  along  with  the  salesman,  because  such 
new  untried  apparatus  can  be  sold  primarily  on  the  confi- 
dence built  up  in  the  customer  by  the  special  technical  knowl- 
edge of  the  process  shown  by  the  inventor. 

As  far  as  selling  patents  is  concerned,  such  special  sales 
procedure  is  an  absolute  necessity.  But.  the  Research  Labor- 
atory should  be  paid  for  this  service. 

We  finally  come  to  the  relation  of  the  research  laboratory 
to  an  important  part  of  the  public,  the  competitor.  "There 
is  no  asset  to  a  company  quite  as  valuable  as  a  good  com- 
petitor and  e\ery  means  should  be  taken  to  foster  and  en- 
courage him."  I  don't  know  who  was  responsible  for  the 
mock  serious  sentence  just  quoted,  but  this  sentence  should 
be  on  the  desk  of  every  company  executive,  for  taken  rightly, 
it  represents  a  most  important  point  in  the  philosophy  of 
business. 

Reverting  to  the  point  of  the  first  chapter,  patents  and 
researches  are  a  device  for  the  destruction  of  a  competitor. 
Sometimes,  as  has  been  shown,  they  actually  work  that  way, 
but  only  when  the  enemy  is  unprepared.  An  illustration  from 
modern  war  will  illustrate.  Given  air  control,  the  air])lane 
can  destroy  enemy  air  l)ascs  and  even  weak  enemy  air  forces, 
almost  at  will.  It  is,  therefore,  wise  to  use  it  thus,  as  has 
been  brilliantly  shown  by  the  (lermans  in  the  Aegean.  Xor- 
wav.  Poland.  France,  Belgium  and  Greece.  But.  once  the 
enemy  can  match  you,  the  jiicture  changes.  One  can  do 
great  military  damage  with  planes.    Still  if  the  enemy  can 
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use  planes  at  an  equal  force,  he  can  do  damage  to  you  equal 
to  what  you  can  do  to  him  and  there  is  no  profit  in  that. 
Hence  the  result  of  an  equality  is  that  it  tends  to  decrease 
the  use  of  planes  on  both  sides  and  that  holds  until  one  side 
sees  that  the  damage  it  can  do  is  very  definitely  greater  than 
the  damage  it  will  suffer. 

Research  laboratories  play  about  the  same  role  in  business 
as  planes  do  in  war.  If  you  can  clearly  put  your  competitor 
out  of  business,  because  of  a  new  product,  you  do  so.  But, 
if  not,  or  if  you  fear  the  competitor  might  have  an  ace  up 
his  sleeve,  you  treat  the  enemy  as  a  gentleman  and  sportsman 
and  don't  try  to  press  home,  too  far,  any  advantage  you 
may  have. 

Abandoning  the  military  analogy,  it  pays  to  take  this  atti- 
tude. Patent  suits  and  infringement  procedures  are  expen- 
sive and  unsatisfas.ory.  In  the  end  the  customer  will  want 
and  should  have  the  good  features  of  your  competitor's  prod- 
uct, as  well  as  yours. 

Hence,  there  is  an  increasing  tendency,  without  which 
the  automobile  business  could  hardly  live,  to  trade  patent 
licenses  and  even  trade  secrets,  at  least  between  large  com- 
panies. 

Legally,  this  is  a  very  delicate  subject.  Patent  pools,  which 
are  the  natural  loci  for  patent  trades,  have  "a  very  bad  smell 
in  the  nose"  of  the  modern  court,  it  being  held  that  they  are 
measures  for  restraint  of  trade.  So  what?  The  social  aspect 
of  it,  it  seems  to  me,  is  that  they  are  the  best  known  means 
of  assuring  that  the  customer  gets,  whenever  he  spends  his 
money,  the  best  product  that  can  be  obtained.  Of  course, 
some  little  fellows  may  be  driven  out,  which  is  bad  for  them, 
but  on  the  whole,  good  for  the  customer,  for  as  a  general 
rule  the  little  fellow  is  weak  on -quality. 

It's  lots  of  fun  to  write  this  paragraph,  because  there  are 
so  many  "socially"  minded  people  who  take  the  other  posi- 
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tion.  F)Ut,  riglit  now  the  net  result  of  the  prosecution  of 
trade  associations,  patent  liohhng-  conii)anies,  is  that  the 
question  of  cross  Hcensin^  has  to  he  handled  with  care. 
Unless,  indeed,  the  simple  thing  is  done  and  patents  are  in- 
dividually licensed  on  a  royalty  basis.  It  is,  of  course,  sillv 
for  (ienerai  Motors  to  pay  Chrysler  one  hundred  thousand 
dollars  a  year  for  a  license  and  for  Chrysler  to  pay  one  hun- 
dred thousand  dollars  per  year  to  General  Motors  for  li- 
censes, but  it  is  legal  and  it  has  the  advantage  of  giving  a 
means  of  valuing  patents. 

As  far  as  keeping  secrets  from  your  competitor,  I  remem- 
ber remarks  made  to  me  early  in  the  hrst  World  War.  "The 
purpose  of  military  secrets  (and  the  same  is  true  of  trade 
secrets )  is  to  keep  the  enemy  in  the  dark  about  how  little 
you  know."  And,  an  experience:  I  asked  the  executive  of 
a  large  company  to  give  me  his  formula  for  a  certain  com- 
position he  was  making.  This  man  said,  "I'll  give  it  to  you 
as  I  must,  as  you  are  working  for  the  Government,  but  I 
will  have  to  have  permission  of  the  Board  of  Directors,  as 
that  is  a  rule  of  the  company.  It  will  be  much  simpler  for 
you  and  save  me  a  lot  of  trouble,  if  you  will  go  to  So-and-So, 
a  competitor  of  mine,  and  ask  him  what  our  secret  formula 
is.    He'll  tell  you  offhand." 

I  can  close  this  book  in  no  better  way  than  to  tell  a  fal)le. 

Once  upon  a  time  there  was  a  nation  of  woodchoppers  and 
they  lived  in  a  forest  where  there  were  many  trees,  strange 
to  say.  They  were  very  happy  because  although  they  had  a 
King  by  the  name  of  Ki.  they  had  enough  wood  to  chop  for 
their  own  use  and  enough  wood  to  give  Ki  all  he  wanted 
(which  was  a  lot). 

Now  Ki  had  three  sons  and  their  names  were  Ar,  which, 
is  short  for  .\rmy,  and  Ind  (short  for  Industry)  and  Ke 
(short  for  research).  The  })eople.  liked  Ar  and  Ind. — and 
Re  was  so  small  he  didn't  much  count. 
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,  Then  one  day  there  came  to  the  edge  of  the  forest  a  great 
dragon  and  he  did  lots  of  damage,  swinging  his  tail,  for  he 
was  so  big  and  powerful,  every  time  he  swung  his  tail  many 
trees  fell. 

So,  the  King  Ki  sent  out  his  son  Ar  to  destroy  the  big 
bad  dragon.  But,  when  Ar  got  near  the  dragon  he  found  he 
could  not  do  very  much  because  his  sword  was  too  short, 
but  he  did  his  best  and  got  in  one  or  two  good  digs.  Now, 
this  made  the  dragon  angry,  so  it  thrashed  its  tail  some 
more  and  turned  on  Ar  and  drove  him  back  further  and 
further  into  the  woods  and  everywhere  the  dragon  pursued 
him  more  and  more  trees  fell,  for  the  dragon  had  a  very 
big  tail. 

Now,  when  Ki  saw  this,  he  called  to  his  son  Ind  and  he 
said  to  Ind,  "Behold,  how  it  fares  with  your  brother.  Go 
you  into  the  forest ;  burn  them  into  charcoal,  dig  up  some 
ore  and  make  a  bigger  sword." 

Ind  was  big  and  powerful,  but  he  was  kind  of  dumb,  so 
he  said,  "Behold,  I  know  not  what  kind  of  a  sword  to  build. 
Send  me  my  brother  Re  to  help  me."  And,  Ki  said,  "No,  no. 
Not  that.  For  your  brother  Re  is  small  and  unpopular  and 
controls  no  votes.  I  will  create  for  you  a  committee  with 
lots  of  big  names." 

So  he  did  so  and  Com  told  Ind  how  to  make  a  sword 
which  when  swung  was  so  big  that  it  would  surely  kill  the 
dragon  and  incidentally  cut  down  many  more  trees. 

And,  Ind  made  the  sword  and  Ar  took  it  and  with  it  at- 
tacked the  dragon  with  lusty  blows.  I'm  not  sure  whether 
he  killed  the  dragon  or  not,  but  they  fought  all  over ;  any- 
how between  the  swinging  of  the  dragon's  tail  and  the  swing- 
ing of  Ar's  good  sword,  almost  all  of  the  trees  in  the  forest 
were  killed. 

But,  it  made  little  difference,  for  the  real  Re,  to  whom  no- 
body paid  much  attention,   had   followed  the  fighting  and 
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everywhere  a  tree  had  fallen  he  had  planted  a  seed.  So,  when 
the  fight  was  over,  years  later,  there  were  as  many  trees  in 
the  forest  as  before,  only  they  were  better  and  bigger  and 
bore  much  golden  fruit. 
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